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SERIES or PROPOSITIONS, 


comrntorns ALL THE | 


| GENERAL PROPERTIES or ELECTRICIY. 


- 


greſs of alk the liſeoverics relating to 
p electrieity, and giving an hiſtorical 
account of them, in the order in which they 
were made; it will, probably, be no difagree- 
able repetition, if i give, at the cloſe of it, a 
SERIES OF PROPOSITIONS, compriſing all the 
general properties of electricity, drawn up in 
as ſuecinct a manner as poſſible, And, not- 
withiizoding the large el which has been 
made, it will be found, that a few. propoſitions 
| are ſnfficient to compriſe almoſt all W we 
know of the ſubject. 
Tunis circumſtance may be ed - 
N of the real progreſs that has been 
Vor. Il. ES. made 


| A FTER wackad, at large, the pro- 
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„ SERIES 


made in this ſcience And as this progreſs 
advances, and the hiſtory enlarges, paradoxi- 


cal as the aſſertion may ſeem, this part may 
be expected to contract itſelf in the ſame pro- 


portion. For the more we know hof any 
ſcience, the greater number of particular pro- 


poſitions are we able to reſolve into general 


ones; and, conſequently, within narrower 


bounds ſhall we be able to reduce its prin- 


ciples. 5 * \ , 

I MIGHT have made this part of my work 
much ſhorter, even in the preſent ſtate of 
the ſcience, if I would have admitted into it 
any thing theoretical; but I have carefully 
avoided the principles of any theory, even the 
moſt probable, and the neareſt to being per- 
fectly aſcertained, in this ſeries of propoſi- 


tions; in which I propoſe to comprehend only 


Enown facts; that my younger readers may 
carefully diſtinguiſh between fa# and 7heory ; 


things which are too often confounded.” 


I ave not, in this part of my work, de- 


ſcended to any minutiæ, in the deſcription of 


electrical appearances, becauſe they have been 
entered into before, and a repetition of them 
would have been tedious. At the ſame time, 
I think it will be found, upon examination, 


that I have not omitted to take notice of any 
diſcovery of 1 importance. I have alſo intro- 
duced into it the deſinition of all the moſt ne- 
ceſſary technical terms; that this, part of the 
work might ſerve as a methodical introduc- 
tion, to thoſe who are beginning the ſtudy of 
electricity, and deſire a general wanne of 


A . 


4 17 ; i the 


which are the moſt entertaining. 


or PROPOSITIONS. 3 


the firſt elements of the "ſcience, before they 
enter upon the detail of particulars, which 
will be beſt learned afterwards, from the 
Hiftory'®, 

By eleAvitiey, in the following propoſitions, 
1 would be underſtood to mean, only thoſe 
effects which will be called electrical; or elſe 
the "unknown rauſe of thoſe effects, uſing the 
term, as we uſe the letters "A and y in 
Algebra. 1 10 4 

Alt known ſubſtances are diſtributed by 
eleAriclans i into two forts. Thoſe of one ſort 
are termed elefrics, or non-conductors; and 
thoſe of the other non-eleftrice, or dener | 
of elecriotty. ' | 

MeTALs of all kinds, wether with ſemi 
Tits and water are conductors. ' So alſo is 
charcoal, and other ſubſtances of a fimilar na- 
ture, as will be ſhewn at large in the laſt part 


of this work. All -other ſubſtances, whether 


mineral, vegetable, or animal, are non-con- 
ductors. But many of theſe when they are 
made very hot, as glaſs, roſin, baked wood, 


and, perhaps, all the reſt on which the expe- 


riment can be made in this ſtate, are conduc- 
tors of electricity. | 

ALL bodies, however, though in x the ſame 
ſtate of heat and cold, are not equally perfect 
electries, or perfect conductors. Vegetable 


* Leſt this * of the work ſhould not prove a ſufficient 
introduction to the fludy of #learicity, I have fince publiſhed 4 
ſmall piece with this title, It contains a more familiar 
explication of the fundamental principles of electricity. mixiag 
theory with facts, and illoſtrating, en thoſe experiments 
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and ET nn for inſtance, in their 


natural ſtate, are ſeldom perfect electrics, on 
account of the moiſture that is contained in 
them. And, independent of moiſture, there 
is probably a gradation in all ſubſtances, from 
the moſt perfect conductors to the moſt perfect 
non- conductors of electricity. 

Ir is the property of all kinds of electrics, 
that when they are rubbed by bodies differing 
from themſelves (in 3 ſmoothneſs 
chiefly) to attract light bodies of all kinds 
which are preſented to them; to exhibit an 
appearance of light (which is very viſible in 
the dark) attended with a ſnapping noiſe, up- 
on the approach of any conductor; and, if the 
noſtrils be preſented, they are affected n a 
ſmell like that of phoſphorus. 

An electric ſubſtance exhibiting theſe ap- 
pearances, is {aid to be excited, and ſome of 
them, particularly the tourmalin, are ex- 
cited by heating and cooling, as well as by 
rubbing. 

II is neceſſary, however, to a conſiderable 
excitation of any electric, that the ſubſtance 
againſt which it is rubbed (uſually called 
the rubber) have a communication with the 
earth, or bodies abounding with electricity, 
by means of conduQtors ; for if the rubber be 
inſulated, that is, & it be cut off from all 
communication with the earth by means of 
of electrics, the friction has but little effect. 

Waen inſulated bodies have been attracted 
by, and brought into contact with any excit- 
. they begin to be 2 by it, 


and 
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and alſo to repel one another: nor will they 
be attracted again, till they have been in con- 
tat with ſome conductor communicating with 
the earth ; but, after this, they will be at- 
tracted as at firſt. 

Ir conductors be inſulated, cledrie powers 
may be communicated to them by che approach 
of excited electries. They will then attract 
light bodies, and give ſparks, attended with a 
ſnapping noiſe, like the electrics themſelves. 
But there is this difference between excited 
and communicated electricity, that a conduc- 
tor to which electricity has been communicat- 
ed parts with its whole power at once, on the 
contact of a conductor communicating with 
the earth; whereas an excited electric, in the 
ſame circumſtances, loſes its electricity only 
partially; it being diſcharged only from the 
part which was actually touched by the con- 
ductor, or thoſe in the neighbourhood of it; 
ſo that the ſpark of electric fire is not fo denſe, 
nor the exploſion made by parting with it ſo 
loud, from excited as from communicated 
electricity. 

ELECTRIC ſubſtances brought into con- 
tact with excited electrics, will not deſtroy 
their electricity; whence it is that they are 
called non- conductors, becauſe they will not 
convey or conduct away whatever is the cauſe 
of electric appearances in bodies. * 

Wuen electricity is ſtrongly communicated 
to inſulated animal bodies, the pulſe is 
quickened, and perſpiration increafed; and, 
if they receive, or part with their electricity on 
B 3 | a ſudden, 


6 ASERIES | 
a ſudden, a painful ſenſation is felt at the 
place of communication. | 

Taz growth of vegetables is quickened by 
electricity. | 

No electric can be excited without produe- 
ing electric appearances in the body with 
which it is excited, provided that body be in- 
ſulated. For this inſulated rubber will attract 
light bodies, give ſparks, and make a ſnap- 
ping noiſe upon the approach of a conductor, 
as well as the excited electric. 

Ir an inſulated conductor be pointed, or if 
a pointed conductor communicating with the 
earth be held pretty near it, little or no elec- 
tric appearance will be exhibited; only a light 
will appear at each of the points, during the 
act of excitation, and a current of air will be 
ſenſible from off them both. : 

THEesE two electricities, viz. that of the 
electric itſelf, and that of the rubber, though 
ſimilar to, are the reverſe of one another. A 
body attracted by the one will be repelled by 
the other, and they will attract, and in all re- 
ſpects act upon one another more ſenſibly than 
upon other bodies ; ſo that two pieces of glaſs 
or ſilk, poſſeſſed of contrary electricities, will 
cohere firmly together, and require a conſider- 
able force to ſeparate them. 

'THEsE two electricities, having been firſt 
"difeovered by producing one of them from 
glaſs, and the other from amber, ſealing- 
Wax, ſulphur, roſin, &c. firſt obtained the 
names of vitreous and reſinous electricity; and 
it being afterwards imagined that one of them 
was 


s 


0 


or PROPOSITIONS. 5 
was a redundancy, and the other a deficiency 


of a ſuppoſed electric fluid, the former (viz. 


that which is produced from the friction of 
ſmooth glaſs tubes or globes by the human 
hand, or a common leathern rubber) obtained 
the name of poirrve; and the latter (viz. that 
which is produced from the friction of ſticks 
or globes. of ſulphur, &c. or collected from 
the rubber of a glaſs globe above mentioned) 
that of negative electricity: and theſe terms 
are now principally in uſe. _ 

Ir a conduQtor, not inſulated, be brought 
within the atmoſphere, that is, the ſphere of 
action, of any electrified body, it acquires the 
electricity oppoſite to that of the electrified 
body; and the nearer it is brought, the 


ſtronger oppoſite electricity doth it acquire, 
till the one receive a ſpark from the other, 


and then the electricity of both will be diſ- 
charged. 

Tux electric ſubſtance which ſeparates the 
two conductors, poſſeſſing theſe two oppoſite 
kinds of electricity, is ſaid to be charged. 
Plates of glaſs are the moſt convenient for this 
purpoſe, and the thinner the plate, the greater 
charge it is capable of holding. The conduc- 
tors contiguous to each ſide of the glaſs are 
called their coating. 

AGREEABLE to the above-mentioned ge- 
neral principle, it is neceſſary, that one fide 
of the charged glaſs have a communication 
with the rubber, while the other receives the 
3 from the conductor, or with the 

B 4 con- 
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condulite? while the other reoraves from the 
rubber. 0 
Ix follows alſo, that thiows Gdes of the 


plate thus charged are always poſſeſſed of the 
two oppoſite ele ꝗricities; that ſide which 
communicates with the excited electrio having 
the electricity of the electric, and that which 
communicates with the en that of the 
rubber. 
+ THERE is, conſequently, a very eager at» 
traction between theſe two electricities with 
which the different ſides of the plate are 
charged ; and, when a proper communication 
is made by means of conductors, a flaſh of 
electric light, attended with a report (which is 
greater or lefs in proportion to the quantity of 
electricity communicated to them, and the 


geoodneſs of the conductors) is perceived be- 


tween them, and the electricity of both ſides 
1s thereby diſcharged. | 
Tux ſubſtance of the glaſs itſelf, in or up- 
on which theſe electricities exiſt, is impervi- 
ous to electricity, and does not permit them 


- to unite; e e and the 


plate of glaſs very thin, they will force a paſ- 
ſage through the glaſs. This, however, always 
breaks the glaſs, and renders it incapable of 
another charge. 

THe flaſh of light, tog her wich the ex- 
ploſion between the two poly ſides of a 


charged electric, is generally called the ele#ric 
Jock, on account of the diſagreeable ſenſation 
by gives any . whoſe body is 72 
e 


| or PROPOSITIONS. 9g. 
uſe of to form the communication between 
them. | 

TuIs Ade ſhock is always found to per- 
form the circuit from one fide of the charged 
glaſs to the other by the ſhorteſt paſlage, 
through the beſt condudtors. Common com= 
municated electricity alſo obſerves the ſame 
rule, in its tranſmiſſion from one body to an- 
other. 

Ir has not been found that the electric 
ſhock, takes up the leaſt ſenſible ſpace 
of time in being tranſmitted to the greateſt 

diſtances. 

Tus electric ſhock, as alſo the common 
electrig ſpark, diſplaces the air through which 
it paſſes; and if its paſſage from conductor 
to conductor be interrupted by non- conduc- 
tors of a moderate thickneſs, it will rend and 
tear them in its paſſage; and in ſuch a 
manner as to exhibit the appearance of a ſud- 
den expanſion of the air about the center of 
the ſhock.” 

Ir an electric ſhock, or ſtrong ſpark, be 
made to paſs through, or over the belly of a 
muſcle, it forces it to contract as in a con- 
vulſion. 

Ir a ſtrong ſhock be ſent through a ſmall 
animal body, it will often deprive it inſtantly 
of life. 

Wen the electric ſhock is very ſtrong, it 
will give polarity to magnetic needles, and 
ſometimes it reverſes their poles. 

G8EAT ſhocks, by which animals are kill- 
ed, are ſaid to haſten putrefaction. 


ELEC» 


Fd 
7 
= 


10 A SERIES or PROPOSITIONS. 


' ELeEcTRICITY and lightning are, in all 
reſpects, the ſame thing. Every effect of 
lightning may be imitated by electricity, 
and every experiment in electricity may be 
made with lightning, brought down from the 
clouds, by means of enen 8 — rods 
of Werne | | 


PART 
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TH NY 
THEORIES or ELECTRICITY. 


8 1 CT:I ONE 


OF PHILOSOPHICAL THEORIES IN GENERAL, 
AND THE THEORIES OF ELECTRICITY 


PRECEDING THAT oF DR. FRANKLIN. 


NE of the moſt intimate of all aſſocia- 

tions in the human mind is that of 

cauſe and effett, They ſuggeſt one another 
with the utmoſt readineſs upon all occaſions; 
ſo that it is almoſt impoſſible to contemplate 
the one, without having ſome idea of, or 
forming ſome conjecture about the other. In 
viewing the works of nature, we nece7zrily 
become firſt acquainted with appearances or 
effects. We naturally attend to the circum- 
ſtances in which ſuch appearances always 
ariſe, and cannot help conſidering them as 
the cauſes of thoſe appearances. Then, con- 
ſidering theſe circumſtances themſelves as new 
appearances, we are deſirous of tracing out 
other circumſtances that gave birth to them. 
Thus, conſtantly aun. in this chain of 
cauſes 
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cauſes and effects, we are led, at laſt, to the 
_ firſt cauſe of all: and then we conſider all 
ſecondary and inferior cauſes, as nothing 
more than the various methods in which the 
| ſupreme cauſe acts, in order to bring about 
his great deſigns, 

Ix all ſcience, we firſt aſcend from parti- 
. cular to general. For nature exhibits nothing 
but particulars ; and all'general propoſitions, 
as well as general terms, are artificial things, 
being contrived for the eaſe of our conception 
and memory; in order to comprehend things 
clearly, and to compriſe as much knowledge 
as poſſible in the ſmalleſt compaſs. It is no 
wonder then that we take pleaſure in this pro- 
ceſs. Beſides, we actually ſee in nature a vaſt 
variety of effects proceeding from the ſame 
general principles, operating in different cir- 
cumſtances; ſo that judging from appearances, 
that nature is every where uniform with itſelf, 
we are led, by analogy, to expect the ſame 
in all caſes, and think it an argument in 
favour of any ſyſtem, if it exhibits a variety 
of effects ſpringing from. a few cauſes. For 
ſuch variety in effects, and ſuch ſimplicity i in 
cauſes, we generally ſee in nature. 

H Aviv diſcovered the cauſe of any ap- 


Pearance, it is the buſineſs of philoſophy to 


trace it in all its effects, and to predict other 
ſimilar appearances from ſimilar previous ſi- 
tuations of things. By this means, the true 
philoſopher, knowing what will be the reſult 
of putting every thing, which the preſent 
ſyſtem exhibits, into every variety of circum- 
8 ſtances, 


ELECTRICITY. 13 
ſtances, is maſter of all the powers of nature, 
and can apply them to all the uſeful purpoſes 
of life. Thus does 4now/edge, as Lord Bacon 
obſerves, become power; and thus is the phi- 
loſopher capable of providing, in à more 
effectual manner, both for his own' happineſs 
and for that of others; and thereby of approv- 
ing himſelf a good citizen, and an uſeful mem- 
ber of ſociety.” | 

Ir is. obvious, from this general view of 


the buſineſs of philoſophy, that, in order to 


trace thoſe circumſtances in which any appear- 
ance in nature is certainly and invariably pro- 
duced, it is. chiefly uſeful to obſerve what 
there is in common in the circumſtances at- 
tending ſimilar appearances : for on thoſe 
common circumſtances, all that is common 
in the appearances muſt depend. And the 
eaſieſt poſſible method, by which we can trace 
out the connection of cauſes and effects in 
nature, is to begin with comparing thoſe ap- 
pearances which are moſt ſimilar, where the 
difference conſiſts in a ſingle circumſtance; 
the whole effect of which, in different ap- 
pearances, is thereby perfectly known; And 
when we have, by this means, noted the 
whole effect of all the ſeparate circumftances 
and ſituations of things, we can eaſily judge 

of their effect in all poſſible combinations. 
Hence analogy is our beſt guide in all phi- 
loſophical inveſtigations; and all diſcoveries, 
which were not made by mere accident, have 
been made by the help of it. We obſerve a 
complex appearance, attended with a propor- 
tionable 
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tionable variety of circumſtances and fitua- _ 
tions. We alſo ' ſee another appearance, in 
ſome reſpects ſimilar, in others diſſimilar; the 
circumſtances being, likewiſe, ſimilar and diſ- 
ſimilar in the ſame proportion; or we pur- 
poſely vary the circumſtances of the former 
appearance, and obſerve what difference it 
.occaſions. But, unleſs there be a very great 
analogy, or ſimilarity, between them, ſo that 
the influence of a ſingle circumſtance, or of a 
few: circumſtances, can be traced ſeparately, 
no probable judgment can be formed of their 
* real operation. | 
Bur in all this e a man wh: acts 
— deſign, and not abſolutely at random, 
would never think of trying the influence of 
any circumſtance in an appearance, unleſs, 
from ſome other analogies in nature, more or 
leſs perfect, he had formed ſome idea what 
its influence would probably be; at leaſt, he 
muſt, from analogies in nature previouſly ob- 
ſerved, have formed an idea of ſeveral poſſi- 
ble conſequences, and try which of them. will 
really follow. That is, in other words, eve- 
ry experiment, in which there is any deſign, 
is made to aſcertain ſome - hypothe/is. For an 
hypotheſis is nothing more than a preconceiv- 
ed idea of an event, as ſuppoſed to ariſe from 
certain circumſtances, Which muſt have been 
imagined to have produced the ſame, or a 
ſimilar effect, upon other occaſions. An hy- 
potheſis abſolutely verified ceaſes to be termed 
ſach, and is conſidered as a fact; though, 
when it Has long been in an hypothetical ſtate, 
it 
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it may continue to . occaſionally, by | 
the ſame name. 

Tux only racy in | the uſe of hypotheſes 
ales: from making this tranſition too ſoon. 
And when an hypotheſis is no longer conſi- 
dered as a mere probable ſuppoſition, but a 
real fact; a philoſopher not only acquieſces in 
it, and thereby miſtakes the cauſe of one par- 
ticular — but, by its analogies, he 
miſtakes: the cauſe of other appearances too, 
and is 11. into a whole ſyſtem of error. A 
philoſopher who has been long attached to a 
favourite hypotheſis, and eſpecially if he have 
diſtinguiſhed himſelf by his ingenuity in diſ- 
covering or purſuing it, will not, ſometimes, 
be convinced of its falſity by the plaineſt evi- 
dence of fact. Thus both himſelf, and all 
his followers, are put upon falſe purſuits, and 
ſeem determined to warp the whole courſe of 
nature, to ſuit their manner of AY 9 
its operations. 

Bor, provided chiloGpherk can ibe upon 
their guard againſt this ſpecies of vanity 
(which muſt be owned to be very tempting) 
and againſt the obſtinacy which is the conſe- 
quence of it; hypotheſes, and even a great 
variety of them, are certainly very promiſing 
circumſtances to philoſophical diſcoveries. Hy- 
potheſes, while they are conſidered merely as 

ſuch, lead perſons to try a variety of experi- 
ments, in order to aſcertain them. In theſe 
experiments, new facts generally ariſe. Theſe 
new facts ſerve to correct the hypotheſis which 
gave occaſion to them. The theory, thus 
cor- 
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correfted, ſerves to diſcover more new facts, 
which, as before, bring the theory till nearer 
to the truth. In this progreſſive ſtate, or me- 
thod of approximation, things continue; till, 
by degrees, we may hope that we ſhall have 
diſcovered all the facts, and have formed a 
perfect theory of them. By this perfect 
theory, I mean a ſyſtem of propoſitions, ac- 
curately defining all the circumſtances. of 
every appearance, the ſeparate effect of each 
circumſtance, and the manner of its ope- 
ration. a 
I nave dwelt ſo ung upon this ſubject, 
becauſe I apprehend, that electricians have 
generally been too much attached to their ſe- 
veral theories, ſo as to have retarded the pro- 
greſs of real diſcoveries. Indeed, no other 
part of the whole compaſs of philoſophy af- 
fords ſo ſine a ſcene for ingenious ſpeculation. 
Here the imagination may have full play, in 
conceiving of the manner in which an inviſi- 
ble agent produces an almoſt infinite variety 
of viſible effects. As the agent is inviſible, 
every philoſopher is at liberty to make it what- 
ever he pleaſes, and aſcribe to it ſuch proper- 
ties and powers as are moſt convenient for- his 
purpoſe. And, indeed, if he can frame this 
theory ſo as really to ſuit all the facts, it has 
all the evidence of truth that the nature of 
things can admit. 

Wir the firſt electricians, electrical attrac- 
tion was performed by means of un&uous u- 
via emitted by the excited electric. Theſe 
were * to faſten upon all _—_ in 

their 
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their way, and to carry back with them all 
that were not too heavy. For, in that age of 
philoſophy, all effluvia were ſuppoſed to re- 


turn to the bodies from which they were 


emitted; ſince no perſon could, otherwiſe, 
account for the ſubſtance not being ſenſibly 
waſted by the conſtant emiſſion. When theſe 
liglrt bodies, on which the unctuous effluvia 
had faſtened, were arrived at the excited -lec- 
tric, a freſh emiſſion of the effluvia was ſup- 
poſed to carry them back again. But this 
effect of the efſluvia was not thought of, till 
electrical repulſion had been ſufficiently ob- 
ſerved. | 
Wurd the Newtonian philoſophy had 
made ſome progreſs, and the extreme ſubtilty 
of light, and other effluvia of bodies, was de- 
monſtrated ; ſo that philoſophers were under 
no apprehenſion of bodies being waſted by 
continual emiſſion, the doctrine of e return 
of the effiuvia was univerſally given up as no 
longer neceſſary, and they were obliged to 
acquieſce in the unknown principles of attrac- 
tion and repulſion, as ſuppoſed to be pro- 
perties of certain bodies, communicated to 
them by the Divine Being, the mechanical 
cauſe of which they ſcarce attempted to ex- 
plain. 
Wurx Mr. Du Fay diſcovered the two op- 
poſite ſpecies of electricity, which he termed 
the vitreous and reſinous electricity, he neceſ- 
ſarily formed the idea of 7wo diſtinct electric 
fluids, repulſive with reſpect to themſelves, 
and attractive of one another. But he had no 
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idea of both ſpecies being actually concerned 
in every electrical operation, and that glaſs or 
roſin alone always produced them both. This 
theory, therefore, was as ſimple in its applica- 
tion as the other. 

WuiLE nothing more was known of elec- 
tricity but attraction and repulſion, this ge- 
neral theory was ſufficient. The general at- 
traction of all bodies to all bodies was called 
(and by ſome abſurdly enough ſuppoſed to be 
accounted for by) gravitation, and many ſu- 
perficial philoſophers thought they had given 
a very good account of electricity, coheſion, 
and magnetiſm, by calling them particular 
ſpecies of attraction peculiar to certain 
bodies. | 

Bur when electricity began to ſhow itſelf 
in a greater variety of appearances, . and to 
make itſelf ſenſible to the ſmell, the fight, the 
touch, and the hearing : when bodies were 
not only attracted and repelled, but made to 
emit ſtrong ſpar ks of fire, attended with a con- 
ſiderable noiſe, a painful ſenſation, and a 
ſtrong phoſphoreal ſmell; electricians were 


1 obliged to make their ſyſtems more complex, 


in proportion as the facts were ſo. It was 
then generally ſuppoſed, that the matter of 
the electric fluid was the ſame with the chy- 
mical principle of fire ; though ſome thought 
it was a fluid fa! generis, which very much 
reſembled that of fire; and others, with Mr. 
Boulanger at their head, thought that the 
electric fluid was nothing more than tHe finer 
parts of the atmoſphere, which crouded upon 
| | the 
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the "ROMS of electric bodies, when the 


groſſer parts had been driven away by the 
friction of the rubber. 


- THe great difficulty common to all theſe 
theories was to aſcertain the direction of the 
electric matter. It is no wonder that, when 
electrical appearances were firſt obſerved, all 
electric powers were ſuppoſed to reſide in, 
and therefore to proceed from the excited elec- 
tric, Conſequently, the electric ſpark was 
firſt imagined to be darted from the electrified 
body towards any conductor that was preſent- 
ed to it. It was never imagined there could 
be any difference in this reſpect whether it 


was amber, glaſs, ſealing-wax, or any thing 
- elſe that was excited. Nothing was thought 


to be more evident to the ſenſes than this pro- 
greſs of the electric matter: what then muſt 
have been the aſtoniſhment of all electricians, 
when they firſt obſerved electric appearances 


at an inſulated rubber; at the ſame time that 


it was demonſtrated, that the action of the 
rubber did not produce, wut an y collett the clec= 
tric fluid, 

In this caſe, the current could not have 
been ſuppoſed to flow both from the conduc- _ 
tor and the rubber; and yet the firſt appear= 
ances were the ſame. To provide a ſupply of 
the electric matter, they were obliged to ſup- 
poſe that, notwithſtanding appearances were 
nearly the ſame, the electric fluid was really 
received by the ele triſied body in the one 
caſe, and emitted by it in the other. But 
now, being obliged to give up the — 

$ | or 
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for the manner of its progreſs from the evi- 

' dence of ſight, they were at a loſs whether, in 
the uſual. method of electrifying by excited 
glaſs, the fluid ,proceeded from the rubber to 
the conductor, or from the conductor to the 

rubber; and nothing was found to obviate 
theſe difficulties, till an excellent theory of 
wn and negative electricity was ſuggeſted 
by Dr. Watſon, and digeſted and illuſtrated 
by Dr. Franklin. 

Ir was ſoon found, that the electricity, at 
the rubber was the reverſe of that at the con- 

ductor, and in all reſpects the ſame with that 
which had before been produced by the fric- 
tion of ſealing-wax, ſulphur, roſin, &c. See- 
ing, therefore, that both the electricities, as 
they had heretofore been called, were pro- 
duced at the ſame time, by one and the ſame 
electric, and by the ſame friction, all elec- 
tricians, and among the reſt Mr. Du Fay him- 
ſelf, concluded, that they were both modifica- 
tions of one and the ſame fluid; and the old 
doctrine of the different electricities was uni- 
verſally diſcarded. 

Tur accidental diſcovery of the Leyden 
phial moſt clearly demonſtrated the imperfee- 
tion of all the theories preceding that of poſi- 
tive and negative electricity, by exhibiting an 
aſtoniſhing appearance, which no electricians, 
with the help of any theory, could have fore- 
ſeen, and of which they could have formed 
no idea, à priori. 

, . Upon this great event, new Gen of elec- 
tricity multiplied apace, ſo that it would be to 
| no 


\ 


Ma. WILSON's THEORY. 21 
no purpoſe to enumerate them all. Indeed 
many of them were no more -than the beings 
of a day. For no ſooner were they ftarted, 
but the authors themſelves, upon the appear-. 
ance of ſome new fact, ſaw reaſon to new mo- 
del, or entirely reject them. I ſhall, there- 
fore, content myſelf with giving: the outlines 
of ſome of the principal theories of electricity, 
which have their adherents at preſent, without 
conſidering whether they took their riſe before 
or after this diſcovery, _ 

Wiru ſome, and 3 Mr Wilſon, 
the chief agent in all electrical operations is 
Sir Iſaac Newton's ether; which is more or 
leſs denſe in all bodies, in proportion to the - 
ſmallneſs of their pores, except that it is 
much denſer in ſulphureous and unctuous 
bodies . To this ether are aſcribed the prin- 
cipal phenomena of attraction and repulſion, 
whereas the light, the ſmell, and other ſenſi- 
ble qualities of the electric fluid are referred to 
the groſſer particles of bodies, driven from 
them by the forcible action of this ether. 
Many phenomena in electricity are alſo at- 
tempted to be explained by means of a ſubtile 
medium, at the ſurface of all bodies, which 
is the cauſe of the refraction and reflection of 
the rays of light, and alſo reſiſt the entrance 
and exit of this ether T. This medium, he 
ſays, extends to a' ſmall diſtance from the 


body, and is of the ſame nature with what is 
called the electric fluid. On the ſurface of 


* Wilſon's Diſſertation, p. 5. + Hoadley and Wilſon, p. 55. 
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conductors this medium is rare, and eaſily ad- 
mits the paſſage of the electric fluid; where- 
as on the ſurface of ele rics it is denfs, and 
reſiſts it I his medium is rarefied by heat, 
-which converts non-conduQors into conduc- 
tors *. On this theory I ſhall make no parti- 
cular remarks, becauſe. I cannot ſay that 1 
- clearly comprehend it. 

Bor the far greater number of philoſo- 
phers ſuppoſe, and with the greateſt probabi- 
lity, that there is a fluid /u# gener:s principally 
concerned in the buſineſs of electricity. They 
ſeem, however, though perhaps without rea- 
ſon, entirely to overlook Sir Ifaac Newton's 
ether; or if they do not ſuppoſe it. to be 
wholly unconcerned, they allow it only a ſe- 
condary and ſubordinate part to act in this 
drama. And among thaſe who ſuppoſe a 
fluid / gene ie, there is a great diverſity of 
opinions about the mode of its exiltence, and 
the manner of its operation. 

Tur ingenious Abbe Nollet, whoſe theory 
has been more the ſubje& of debate than all 
the other theories before Dr. Franklin's, ſup- 
- Poſes that, in All electrical operations, the 

fluid is thrown into two oppoſite motions ; 
that the luer ce of this matter drives all light 
bodies before it, by impulſe, upon the elec- 
trified body, and its ef/urnce carries them 
back again. But he ſeems very much embar- 
raſſed in accounting for facts where both 
theſe currents muſt be conſidered, at the ſame 


* Hoadley and Wilion, p. 78. 
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time that he is obliged to find expedients to 
prevent their impeding the effects of each 
other. To obviate this great difficulty, he 
ſuppoſes, that every excited electric, and like- 
wiſe every body to which electricity is com- 
municared, has two orders of pores, one for 
the emiſſion of the efluvia, and the other for 
the reception of them. A man of leſs inge- 
nuity than the Abbe could not have maintain- 


ed himſelf in ſuch a theory as this; but, with 


his fund of invention, he was never at a 
loſs for reſources upon all emergencies, and 
in his laſt publication appears to be as zeal- 
_ for this ſtrange hypotheſis as at the 
; 228 

Hu more than once requeſted a deputation 
of the members of the Academy of Sciences, 
to be witneſſes of ſome experiments, in which, 
he thought, there was a viſible efluence of | 
the electrical effluvia from the conductor, both 
to the globe at one of its extremities, and to 
any non- electric preſented to it at the other; 
and their teſtimony was ſigned and regiſtered 
in proper form *, But it does not ſeem to the 
honour of Mr, Nollet, or thoſe gentlemen of 
the Academy, to be ſo very poſitive in a mat- 
ter which does not admit of the evidence of 
ſenſe. 2130 E aHi6 
Tur Abbe's confidence upon this ſubject 


is very remarkable. Theſe effects, ſays he, 


well conſidered, and reviewed a thouſand 
times, in the courſe of thirty years, in which 


Leons de Phyſique, p. 368. 39. 
„ | I have 
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L have applied to electricity, make me ſay 
with confidence, that thoſe pencils of rays are 
currents of electric matter, which fly from 
the conductor towards the excited globe. This 
is ſo evident, that I would freely appeal to the 
ocular teſtimony of any unprejudiced perſon, 
who ſhould ſee the experiments which I have 
_recited.. But, ſays he, the fact in queſtion is 
contrary to a ſyſtem of electricity, which ſome. 
- perſons perſiſt in maintaining. They have 
the aſſurance to toll me, that the matter of . 
the luminous pencil, in my experiment, 
moves in a direction quite oppoſite to that 
which I ſuppoſe; that it proceeds from the ex- 
cited globe, and is from thence thrown upon 
any non- electric within its reach *. In another 
place, he ſays, that the principle of ſimultane- 
ous effluences and affluences is by no means a 
Jy/tem, but a fact well proved f. 

Tur Abbe Nollet propoſes an babes to 
explain the difference between common elec- 
tricity and the electric ſhock. - All the effects 
of common elearicity, he ſays, plainly ſhow, 
that the electric matter is animated with a 
progreſſive motion, which really carries it for- 
wards; whereas the remarkable caſe of the 
electric ſhock appears to be an inſtantaneous 
percuſſion, which the contiguous parts of the 
ſame matter communicate to one another, 
without being diſplaced. Sound and wind, 
he ſays, are motions of the air; but would a 
philoſopher, be permitted to take the one for 


'* Lecons de Phyſique, p. 363. 
1 Lane = PEleancite, p. 98. 
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n. in meaſuring their velocity or ex- 
tent. But this compariſon is by no means 
Juſt “. 

IT muſt be acknowledged, that far the 
greater part of the Abbe Nollet's arguments 
in favour of his doctrine of efluences and af- 
fluentes are very unſatisfactory, and that his 
method of accounting for electrical attraction 
and repulſion, with other phenomena in elec- 
tricity, by. means of it, is more ingenious - 
than ſolid. It is a great pity that this truly 
excellent philoſopher had not ſpent more time 
in diverſifying facts, and leſs in refining upon 
theory. But it is in ſome meaſure the natural 
fault of a diſpoſition to philoſophize. 

Ms. Do Tous improves upon this hypo- 
theſis of the Abbe Nollet, by ſuppoſing that 
there is a difference between the affluent and 
effluent current; and that the particles of the 
fluid are thrown into vibrations of different 
qualities, which makes one of theſe currents' 
more copious than the other, according as 
ſulphur or glaſs is uſed. Difficult as it is to 
form any idea of this hypotheſis, the author 
appears very much attached to it, and has no 
doubt of its accounting for all electrical ap- 
Pearances. 
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HE Engliſh uote * per- 
haps the greater part of foreigners too, 
hee now generally adopted the theory of po- 
| fitive and-negative electricity. As this theory 
has been extended to almoſt all the pheno» 
mena, and is the moſt probable of any that 
have been hitherto propoſed to the world, I 
mall give a pretty full account of it, and ſhow 
how it agrees with all the propoſitions of the 
laft part, to which it has hitherto deen ap- 
d. 
1 theory generally goes by the name of 
Dr. Franklin, and there is no doubt of bis 
right to it; but juſtice requires that I diſtinct- 
ly mention the equal, and, perhaps, prior 
claim of Dr, Watſon, ta whom I have before 
faid it had occurred. Dr. Watſon ſhowed a 
ſeries. of experiments to confirm the doctrine 
of plus and minus electricity to Martin Folkes, 
- Eſq. then preſident, and to a great number of 
Fellows of the Royal Society, fo early as the 
beginning of the year 1747, before it was 
known in England that Dr. Franklin had diſ- 
covered the ſame thing in America. See the 
Philoſophical Tranſackions, vol. xliv. p. 739; 
and vol. xlv. p. 93— 01. Dr. Franklin's 
. paper, 


b per, Dn the p54 3 was, -_ 
dated at Philadelphia, June the iſt, 747. 
Acco to this theory, all the opera- 
tions of electricity * upon one fluid /ua 
generis, extremely ſubtile and elaſtic, diſ- 
_ perſed through the pores of all bodies; by 
Which the particles of it are as ſtrongly at» 
; barge as they ate repelled . by one. any 
+ other 
War the equilibrium of this fluid in any 
body 1s not Aifturbed; that is, when there is 
in any body neither more nor leſs of it than 
its natural ſhare, or than that quantity which 
it is capable of retaining by its own attrac» 
tion, it does not diſcover itfelf to our ſenſes 
by any effect. The action of the rubber ups. 
on an electric diſturbs this equilibrium, occa- 
ſioning a deficiency of the fluid in one Place, 
and a redundancy of it in another.. 
Tauts equilibrium being forcibly. diſturbed, 
"the mutual repulſion of the particles of the 
fluid is neceſſarily exerted to reflore it. 
two bodies be both of them overcharged, the 
electric atmoſpheres (to adopt the ideas of all 
the patrons of this hypotheſis before Mr, 
Epinus) repet each other, and both the bodies 
recede from one another to places where the 
fluid is leſs denſe. For, as there is ſuppoſed 
to be a mutual attraction between all bodies 
and the electric fluid, electrified bodies go 
along with their atmoſpheres, If both the 
bodies be exhauſted of their natural ſhare af 
this fluid, they are both attracted by the den- 
E ſer fluid, exiſting either in che atmoſphere 
CON= 
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contiguous to them, or in other neighbouring 
bodies; which occaſions them ſtill to recede 
from one another, as much as when they were 
overcharged. | 
Some of the patrons of the hypotheſis of 
poſitive and negative eledricity conceive other- 
wiſe of the immediate cauſe of this repulſion. 
They ſay that, as the denſer electric fluid, 
ſurrounding two bodies negatively cleQrified, 
acts equally on all ſides of thoſe bodies, it can- 
not occaſion their repulſion. Is not the re- 
pulſion, ſay they, owing rather to. an accu- 
mulation of the electric fluid on the ſurfaces 
of the two bodies ; which accumulation is 
produced by the attraction of the bodies, and 
the difficulty the fluid finds in entering them? 
This difficulty in entering is ſuppoſed to be 
owing, chiefly, to the a7 on the ſurface of 
bodies, which 1s probably a little condenſed 
there; as may appear from Mr. Canton's ex- 
periment, above mentioned on the double ba- 
rometer. x 
LASTL y. if one of the bodies have an 
overplus of the fluid, and the other a defici- 
ency of it, the equilibrium is reſtored with 
great violence, and all electrical appearances 
between them are more ſtriking. | 
Tur influence of points in drawing or 
| throwing off the electric fluid has not been 
quite fatisfaQorily accounted for upon any 
Hypotheſis, but it is as agreeable to this as 
any other. As it is evident that every elec- 
tric ' atmoſphere meets with ſome reſiſtance, 
both in entering and quitting any body, what- 
ever 
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ever. be the cauſe of that reſiſtance, it is na- 
tural to ſuppoſe, that it muſt be leaſt at the 
points of bodies where there are fewer parti- 
cles 0 the body (on which the reſiſtance de- 
pends) oppoſed to its paſſage, than at the flat 
parts of the ſurface, where the reſiſting power 
of a greater number of particles is united. 
Tue it which is viſible in electrical ap- 
pearances is generally ſuppoſed to be part of 
the compoſition of the electric fluid, which 
appears when it is properly agitated, But this 
| ſuppoſition concerning electric light is not 
neceſſary to the general hypotheſis. It may 
be ſuppoſed, upon this as well as Mr. Wil- 
ſon's theory, that the light, and the phoſpho- . 
real ſmell, in electrical experiments ariſe from 
particles of matter much groſſer than the pro- 
per electric fluid, but which may be driven 
from bodies by its powerful action. 

Tut ſound of an electrical exploſion is cer- 
tainly produced by the air being diſplaced by 
the electrical fluid, and then ſuddenly collapſ- 
ing, ſo as to occaſion a vibration, which dif- 
fuſes itſelf every way from the place where the 
exploſion was made. For in ſuch vibrations 
ſound is known to conſiſt. 

Bor the chief excellence of this theory of 
poſitive and negative electricity, and that 
which gave it the greateſt reputation, is the 
eaſy explication which it ſuggeſts of all the 
phenomena of the Leyden phial. This fluid is 
ſuppoſed to move with the greateſt eaſe in 
bodies which are conductors, but with ex- 


treme ditucuity in electrics per ſs inſomuch 
that 
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that glaſs is abſolutely impermeable. to it,” It 
is moreover ſuppoſed, that all electrics (and 
ubs glaſs) on account of the ſmallneſs 
of their pores, do at all times contain an ex- 
ceedingly great, and always an equal quanti- 
ty of this fluid; ſo that no more can be thrown 
into one part of any ele ric ſubſtance, except 
the ſame quantity go out at another, and the 
gain be exactly equal to the loſs. Theſe things 
being previouſly ſuppoſed, the phenomena of 
charging and diſcharging a plate of glaſs ad- 
mit of an eaſy ſolution. . 
- In the uſual manner of electrifying, by a - 
. ſmooth glaſs globe, all the electric matter is 
ſupplied by the rubber from all the Lodies 
which communicate with it. If it be made to 
communicate with nothing but one of the 
;, coatings of a plate of glaſs, while the conduc- 
tor communicates with the other, that ſide of 
the glaſs which communicates with the rubber 
muſt neceflarily be exhauſted, in order to ſup= 
ply. the conductor, which muſt convey the 
whole of it to the ſide with which it commu- 
nicates. By this operation, therefore, the 
electric fluid becomes almoſt entirely exhauſt- 
ed on one fide of the plate, while it is as 
much accumulated on the other; and the diſ- 
charge is made by the electric fluid ruſhing, 
as ſoon as an opportunity 1s given it, by 
means of proper conduQtors, from ,the ſide 
which was overloaded to that which WAS ex- 
| hauſted, | 
IT is not neceſſary, however, to this theory, 
that the 15 ſame individual particles of elec- 
tric 


ELECTRICITY. m 
tric matter which were thrown -upon one 
ſide of the plate, ſhould make the whole cir- 
cuit of the intervening conductors, eſpecially 


in very great diſtances, ſo as actually to arrive 
at the exhauſted ſide. It may be ſufficient to 


— Al... 


ſuppoſe, as was obſerved before, that the ad- 


ditional quantity of fluid diſplaces and occu- 


pies the ſpace of an equal portion of the na- 


tural quantity of fluid belonging to thoſe con- 
ductors in the circuit, which lay contiguous 
to the charged fide of the glaſs This diſ- 
placed fluid may drive forwards an equal 
quantity of the ſame matter in the next con- 
ductors; and thus the progreſs may continue, 
till the exhauſted fide of the glaſs is ſupplied 
by the fluid naturally exiſting in the conduc- 
tors contiguous to it, In this caſe the motion 
of the electric fluid in an exploſion will rather 


reſemble the vibration of the air in lounds, |; 


than a current of it in winds. 
II will eaſily be acknowledged, thus while 
the ſubſtance of the glaſs is ſuppoſed to con- 
tain as much as it can poſſibly hold of the elec- 
tric fluid, no part of it can be forced into one 
of the ſides, without obliging an equal quan- 
tity to quit the other fide; but it may be 
thought a difficulty upon this hypotheſis, that 
one of the ſides of a glaſs plate cannot be e. 
hauſled, without the other receiving more than 
its natural ſhare, particularly as the particles 
of this fluid are ſuppoſed to be repulſive of 
one another. But it muſt be conſidered, that 
the attraction of the glaſs is ſufficient to retain 


even the large quantity of the electric fluid 


which 
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which is natural to it, againſt all attempts to 
withdraw it, unleſs that eager attraction can 
be ſatisfied by the admiſſion of an equal quan- 
tity from ſome other quarter. When this op- 
portunity of a ſupply is given, by connecting 
one of the coatings with the rubber, and the 


other with the conductor, the two attempts 


to introduce more of the fluid into one of the 
| ſides, and to take from it on the other, are 
made, in a manner, at the ſame inſtant. The 
action of the rubber tends to diſturb the equi- 
librium of the fluid in the glaſs, and no ſooner 
has a ſpark quitted one of the ſides, to go to 
the rubber, but it is ſupplied by the conductor 
on the other; and the dithculty with which 
theſe additional particles move in the ſubſtance 
of the glaſs effectually prevents its reaching 
the oppoſite exhauſted fide; near as the two 
ſides are to one another, and eager as is the 


endeavour of the fluid to go whither it is ſo 


ſtrongly attracted. 
II is not ſaid, however, but that either ſide 
of the glaſs may give or receive 4 ſmall quan- 

tity of the electric fluid, without altering the 
quantity on the oppoſite fide. It is only a 
very conſiderable part of the charge that is 
meant, when one ſide is faid to be filled, while 
the other is exhauſted, | 

IT :s a little remarkable, that the I WP 
fluid, in this, 'and in every other hypotheſis, 
ſhould ſo much reſemble the ether of Sir Iſaac 
Newton in ſome reſpects, and yet differ from 
it ſo eſſentially in others. The electric fluid 


is n to be, like ether, extremely ſubtile 


and 


. ant. wt ©. 1 3 


822 


. ÞD 


ELECTRICITY, 33 
and elaſtic, that is, repulſive of itſelf; but, 
inſtead of being, like the ether, repelled by 
all other matter, it is ſtrongly attracted by it; 
ſo that, far from being, like the ether, rarer 
in the ſmall than in the large pores of bodies, 
rarer within the bodies than at their ſurfaces, 
and rarer at their ſurfaces than at any diſtance 
from them ; it muſt be denſer in ſmall than in 
large pores, denſer within the ſubſtance of 
bodies than at their ſurfaces, and denſer at 
their ſurfaces than at a diſtance from them. 
But no other property can account for the 
extraordinary quantity of this fluid contained 
within the ſubſtance of electrics per , or for 
the common atmoſpheres of all excited and 
electrified bodies. 

To account for the attraction of light bodies, 
and other electrical appearances, in air of the 
ſame denſity with the common atmoſphere, 
when glaſs (which is ſuppoſed to be imper- 
meable to electricity) is interpoſed ; it is con- 
ceived, that the addition or ſubſtraction of the 
deAric fluid, by the action of the excited 
electric, on one ſide of the glaſs, occaſions 
(as in the experiment of the Leyden phial) a 
ſubſtraction or addition of the fluid on the 
oppoſite ſide. The ſtate of the fluid, there- 
fore, on the oppoſite ſide being altered, all 
light bodies within the ſphere of its action 
muſt be affected, in the very ſame manner 
as if the effluvia of the excited electric had 
actually penetrated the glaſs, according to 
the opinion of all electricians before Dr. 
Franklin. | | . 
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Tux manner in which clouds acquire their 
poſitive or negative electricity is not deter- 


mined, according to this, or any other theory, 


with ſufficient certainty. Mr. Canton's con- 
jecture is, that the air reſembles the tourma- 
lin, and, conſequently, acquires its electricity 
by heating or cooling; but whether it gains 


or loſes, the electric fluid in either ſtate muſt 


be determined by experiment. Signior Becca- 
ria's theory of the electricity of the clouds * 
been related at lar 185 | 

Tuis hypotheſis of poſitive and negative 
electricity has been adopted, and, in ſome 
meaſure, rendered more ſyſtematical by Mr, 
M#pinus, in his elaborate treatiſe entitled, 
Tentamen Theoria Elettricitatis et Magne- 
tiſini. 

Hs has extended the property of imperme- 
ability to air and all electrics as well as glaſs, 


and defined it in a better manner; ſuppoſing 


impermeability to conſiſt in the great difficul- 
ty with which electric ſubſtances. admit the 
electric fluid into their pores, and the flow- 
neſs with which it moves in thein. Moreover, 


- in conſequence of this impermeability of air 


to the electric fluid, he denies the reality of 


electric atmoſpheres, and thinks, as was ob- 


ſerved before, that Dr. Franklin's theory will 
do much better without them. 

HF thinks that all the particles of matter 
muſt repel one another: for that, otherwiſe 


( (ince all ſubſtances have in them a certain 


quantity of the electric fluid, the particles of 
* * one another, ay are attracted 


by 


— 
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by all other matter) it could not happen, that 
bodies in their natural ſtate, with reſpect to 
electricity, ſhould neither attract nor repel 
one another, 5 | 

He that reads the firſt chapter, as well as 
many other parts of his elaborate treatiſe 
above mentioned, may ſave himſelf a good 
deal of time and trouble by conſidering, that 
the reſult of many of his reaſonings and ma- 
thematical calculations cannot be depended 
upon; becauſe he ſuppoſes the repulſion or 
elaſticity of the electric fluid to be in propor- 
tion to its condenſation z which is not true, 
unleſs the particles repel one another in. the 
ſimple reciprocal ratio of their diſtances, as Sir 
Iſaac Newton has demonſtrated, in the ſecond, 
book of his Principia. 

Ma. WiLCKE, as well as Mr. MApinus, 
adopts all the general principles of Dr. Frank= 
lin's theory of poſitive and negative elec- 
tricity, but thinks that no experiments which 
have hitherto been made ſhow which of the 
electricities is politive and which negative. 


Suppoſing, however, what is called poſitive 


to be really ſo, and that ſmooth glaſs, for in- 
ſtance, rubbed upon ſulphur attracts the elec- 
tric fluid from it, he weuld account for it up- 
on the ſame principles whereby water ſtands 
in drops on rough ſurfaces, but is diffuſed on 
ſmooth ones. The electric fluid, he would 
ſuppoſe, is more ſtrongly attracted by the 
ſmooth ſurface of the glaſs, and therefore dif- 
fuſes itſelf over it, while it retreats from elec- 
D 2 - trics 
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trics of rougher ſurfaces . But this explana- 
tion, I imagine, will give little ſatisfaction to 
ſceptical electricians. 
MR. WIIcEkE acknowledges there 1s great 
difficult in accounting for the repulſive power 
of bodies electrified negatively, and thinks 
that it obliges us to ſuppoſe the mutual repul- 
ſion of all homogeneous matter. Mr. Waitz, 
he ſays, was of the ſame opinion. Accord- 
ing to him, therefore, bodies which have too 
great a proportion either of the electric fluid, 
or of their proper conſtituent matter, muſt 
avoid one another. In the former caſe, by the 
repulſion of the electric fluid, in the latter, by 
the repulſion of the conſtituent parts of the 
bodies. Mr. Wilcke obſerves upon this ſub- 
ject, that the attraction of light bodies to ne- 
gative electrics cannot be owing to the re- 
pulſive power of the electric fluid in the neigh- 
bouring air, driving them, or the electric 
matter in them to the place where there is a 
want of it; becauſe the velocity ought to de- 
creaſe as it recedes from the impulſive power: 
whereas it is accelerated, as if it were attracted 
by the negative electric r. 

Bor to this it may be replied, that a ſuc- 
ceſſion of impulſes, though every ſubſequent 
one ſhould be weaker than the preceding, will 
produce an accelerated motion. Beſides, the 
nearer the light body is to the negative elec- 


8 8 Wilcke, p- 65. | 
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ric, the nearer it is to the point where the 
equilibrium of the fluid is moſt deſtroyed; or 
the leſs force there is on the fide of the elec- 
tric to balance the force that drives the light 
body towards it, and therefore the impulſes 
themſelves muſt increaſe. . 

Ms. WILCKE, whoſe treatiſe on the two 
elericities is admirable, both for its mate- 
rials and methodical arrangement of them, 
diſtinguiſhes three cauſes of excitation, viz. 
warming, liquefaction, and friction; and he 
adviſes, that we carefully diſtinguiſh between 


ſpontaneous and communicated electricity. By 


the former he means that which is the reſult 
of the appoſition, or mutual action of two 
bodies; in conſequence of which, one of 
them is left poſitively electric and the other 
negative. Whereas communicated electricity 


is that which is ſuperinduced upon a body, or 


part of a body, electric or non- electric, with- 


out its being previouſly heated, melted, or 
rubbed ; or without any mutual action be- 


tween it and any other body. This diſtine- 


tion is, in general, very obvious; but Mr. 


Wilcke detines it more accurately than it had 
been done before, and mentions ſeveral 
caſes in which they are often confounded. 
S16N10R BeccARIA admits the theory of 
poſitive and negative electricity, though he 
explains ſome electrical phenomena in a 


manner different from the other patrons of 


that ſyſtem. 
He ſuppoſes that electrified bodies move to 
one another only in the act of giving and re- 
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ceiving the electric fluid“: this effect being 
Produced by the electric matter making a va- 
cuum in its paſſage, and the contiguous air 
| afterwards collapſing, and thereby puſhing 
the bodies together f. This vacuum, he 
ſays, is very obſervable upon great exploſions 
of thunder, when animals have been ſtruck 
dead without being touched with the light- 
ning; a vacuum being only ſuddenly made 
near them, and the air immmediately ruſhing 
out of their lungs to fill it, whereby they are 
left flaccid and empty ; whereas when perſons 
are properly killed by lightning, their lungs: 
are found diſtended . 3 
Ix confirmation of this hypotheſis, he ſays, 
that leſs motion is given to bodies by elec- 
trieity, as the air is excluded from them, and 
that in vacuo no motion at all can be given to 
them . He alſo ſays, that no electric light 
is viſible in a barometer in which there is a 
perfect vacuum: whence he infers, that elec- 
tric light is viſible only by means of ſome vi- 
brations which it excites in the air 5. 
To account for the collection or diſſipation 
of electricity by points, he ſays. that the elec- 


tric fluid appears, from experiments, to move 


with the greateſt violence in the ſmalleſt 
bodies. All electrical appearances will, there- 


fore, be moſt ſenſible at the points of bodies; 


and, conſequently, it will be ſooneſt diſſipated 


® Lettere delÞ elettriciſimo, P+ 36. 2" Ibid. p- 41. 
T Ibid. p. 42 I ibid. p. 483. P Ibid. p. 50. 
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chere. But this does not ſeem to touch the 
real difficulty. 

DR. FRANKLIN, the author of this excellent 
theory of poſitive and negative electricity, 
with a truly philoſophical greatneſs of mind, 
to which few perſons have ever attained, al- 
ways mentions it with the utmoſt diffidence. 
Every appearance, fays he, which I have yet 
ſeen, in which glaſs and electricity are con- 
cerned, are, I think, explained with eaſe by 
this hypotheſis. Yet, perhaps, it may not be 
a true one, and I ſhall be obliged to bim who 
affords me a better. 

IT is no wonder, indeed, that this excel- 
lent philoſopher ſhould treat even his own 
hypotheſis with, ſach indifference, when he 
had fo juſt a ſenſe of the nature, uſe, and im- 
portance of all hypotheſes, Nor is it, Gays. 
he, of much importance to us, to know the 


manner in which nature executes her laws. 


It is enough if we know the laws themſelves. 
It is of real uſe to us to know that china left 
in the air, unſupported, will fall and break; 
but how it comes to fall, and why it breaks, 
are matters of ſpeculation. It is a pleaſure 
indeed to know them, but we can preſerve 
our china without it f. 

Tue great merit of this writer as an elec- 
trician ſtands independent of all hypotheſes, 
upon the firm baſis of the diſcovery of many 
mw and import facts, and, what is more, 


* Franklin's Letters, p. 78. + Ibid. p. 59. 
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applied to the greateſt uſes. Suppoſing him, 
for inſtance, to have been miſtaken in his 
account how the clouds come to be poſſeſſed 
of electricity, muſt not all the world acknow- 
ledge themſelves indebted to him for the diſ- 
covery of the ſameneſs of the electric fluid 
and the matter of lightning ; and eſpecially 
for a certain method of preſerving their build- 
ings and perſons from the fatal effects of 
| thunder ſtorms. . 
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SECTION III. 


Or THE THEORY or TWO ELECTRIC 
2 FLUIDS. 


ONVINCED, as the reader may have 

perceived that I am, of the uſefulneſs 
of various theories, as ſuggeſting a variety 
of experiments, which lead to the ' diſcovery 
of new facts; he will excuſe me, if I recall 
his attention to the old theory of vitreous and 
reſinous electricity, as it was firſt ſuggeſted 
by Mr. Du Fay, upon his diſcovery of the dif- 
| ferent properties of excited glaſs, and excited 
amber, ſulphur, roſin, &c. and as it has 
been new modelled by Mr. Symmer. To ſhow 
my abſolute impartiality, I ſhall, notwith- 
ſtanding the preference I have given to Dr. 
Franklin's theory, endeavour, to repreſent 
this to as much advantage as poſſible, and 
even to. do it more juſtice than has yet been 
done to it, even by Mr. Symmer himſelf; 
who, as I obſerved before, has fallen into 
ſome miſtakes in his application of it, In- 
deed, hitherto. very little pains has been 
taken with this theory, nor has it been 
extended to any great variety of Pheno- 
mena. 

Ler us ſuppoſe then, that there are two 
electric fluids, which have a ſtrong chymical 
affinity with each other, at the lame time "oo 
| C 
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the particles of each are as ſtrongly repulſive 
of one another. Let us ſuppoſe theſe two 
fluids, in ſome meaſure, equally attracted by 
all bodies, and exiſting in intimate union in 
their pores, and while they continue in this 
union to exhibit no mark of their exiſtence. 
Let us ſuppoſe that the friction of any elec- 
tric produces a ſeparation of theſe two fluids, 
cauſing (in the uſual method of electrifying) 
the vitreous electricity of the rubber to be 
conveyed to the conductor, and the reſinous 
electricity of the conductor to be conveyed to 
the rubber. The rubber will then have a 
double ſhare of the reſinous electricity, and 
the conductor a double ſhare of the vitreous; 
ſo that, upon this hypotheſis, no ſubſtance 
Whatever can have a greater or leſs quantity 
of electric fluid at different times. The quali- 
ty of it only can be changed. 

Tur two electric fluids, being thus ſepa- 
rated, will begin to ſhow their reſpective 
powers, and their eagerneſs to ruſh into re- 
union with one another. With whichſoever 
of theſe fluids a number of bodies are charg- 
ed, they will repel one another, they will be 
attracted by all bodies which have a leſs ſhare 
of that particular fluid with which they are 
loaded, but will be much more ftrongly at- 
tracted by bodies which are wholly deftitute 
of it, and loaded with the other. In this 
caſe they will ruſh together With great 
violence. 

Uron this theory, every electric ſpark con- 
ſiſts af both the fluids ruſhing contrary ways, 
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and making a double current. When, for 


inſtance, I preſent my finger to a conductor 


loaded with vitreous electricity, I diſcharge 


it of part of the vitreous, and return as much 
of the reſinous, which is ſupplied to my body 


from the earth. Thus both the bodies are un- 


electrified, the balance of the two powers be- 
ing perfectly reſtored. 

Wu I preſent the Leyden phial to be 
charged, and, conſequently, connect the coat- 
ing of one of its ſides with the rubber, and 
that of the other with the conductor, the re- 
finous electricity of that ſide which is con- 
nected with the conductor is tranſmitted to 
that which is connected with the rubber, which 
returns an equal quantity of its vitreous elec- 


- tricity ; ſo that all the vitreous electricity is 


conveyed to one of the ſides, and all the re- 
{nous to the other. Theſe two fluids, being 
thus ſeparated, attract one another very ſtrong- 
ly through the thin ſubſtance of the interven- 
ing glaſs, and ruſh together with great vio- 
lence, whenever an opportunity is preſented, 
by means of proper conductors. Sometimes 
they will force a paſſage through the ſub- 
ſtance of the glaſs itſelf; and, in the mean 
time, their mutual attraction is ſtronger than 
any force that can be applied to draw away 
either of the fluids ſeparately. - . 

HavinG ſtated the general principles of 


this hypotheſis of two fluids, I ſhall now en- 


ter into a brief compariſon of it with that of a 
lingle fluid, as explained by the mode of po- 
ſitive and negative electricity; that we oy | 
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ſee which of them will account for the ſame 
facts in the eaſier manner and more agreeable 
to the analogy of nature in other reſpects. 
For, allowing that no fact can be ſhown to 
be abſolutely inconſiſtent with either of them; 
yet, certainly, that will be judged prefer- 
able, which is attended with the leaſt dif- 
hculty in conceiving of its mode of opera- 
tion. 

Is the firſt place, the ſuppoſition itſelf, of 
two fluids, is not quite ſo eaſy as that of one, 
though it is far from being diſagreeable to 
the analogy of nature, which abounds with 
affinities, and in which we ſee innumerable 
caſes of ſubſtances formed, as it were to unite 
with and counteract one another. Here, 
likewiſe, agreeable to the theory of two elec- 
tric fluids, while thoſe ſubſtances are in union, 
we ſee nothing of their ſeparate and peculiar 
powers, though they be ever ſo remarkable. 
What, for inſtance, do we ſee of the ſtriking 
properties of the acid and alkali while they 
are united in a neutral ſalt? What powers in 
nature are more formidable than the vitreolic 
acid, and phlogiſton, and what more innocent 
than common ſulphur, which is a compoſition 
of them both, and from which the action of 
fire ſeparates them. 

TRE two fluids being ſuppoſed, the double 
current from the rubber to the conductor and 
from the conductor to the rubber is an eaſy 
and neceſſary conſequence. For if, upon the 
common ſuppoſition, the action of the rubber 


puts a ſingle fluid into motion in one direc- 
tion, 


TWO ELECTRIC |FLUIDS: 45 


ton, we might expect that, if there were two 
fluids, which counteracted each other, they 
would, by the ſame operation, be made to move 
in contrary directions. And a perſon who has 
been uſed to conceive that a ſingle fluid may 
be made to move either way, viz. from the 
conductor to the rubber, or from the rubber 
to the conductor, at pleaſure, according as a 
rough or a ſmooth globe is uſed, can have 
much leſs objection to this part of the bypo- 
theſis.) :: - 

ADMITTING then this different Aion of 
the rubber and the electrie upon the two dif- 
ferent fluids, the manner of conveying elec- 
tric atmoſpheres, or powers to bodies is the 
ſame on this as on any other theory; and it 
is apprehended, that the phenomena of ne- 
gative electricity are more eaſily conceived by 
the help of a real fluid, than by no fluid at 
all. Indeed Dr. Franklin himſelf ingenuouſly 
acknowledges, that he was a long. time 
puzzled to account for bodies that were nega- 
tively electriſied repelling one another; where- 
as Mr. Du Fay, who obſerved the ſame fact, 
had no difficulty about it, ſuppoſing that he 
had diſcovered another electricity, ſimilar, 
with reſpect to the properties of elaſticity and 
repulſion, to the former. 

By this double action of the rubber, the 
method of charging a plate of glaſs is ex- 
ceedingly eaſy to conceive. Upon this hy- 
pothelis, all the vitreous electricity quits its 
union with the reſinous on the ſide commu- 
nicating with the rubber, and is brought over 

| to 
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to the fide communicating with the conduc- 
tor; which, by the ſame operation, had been 
made to part with its reſinous electricity in re- 
Al the vitreous electricity being thus 

brought to one ſide of the plate of glaſs, and 
all the reſinous to the other, the phenomena 
of the plate while ſtanding charged, or when 
diſcharged, are, perhaps, more free from all 
difficulty than upon any other hypotheſis. 
When one of the ſides of the glaſs is conceiv- 
ed to be loaded with one kind of electricity, 
and the other ſide with the other kind; the 
ſtrong affinity between them, whereby they 
attract each other with a force proportioned 
to their nearneſs, immediately ſupplies a ſa- 
tisfactory reaſon, why ſo little of either of 
the fluids can be drawn from one of the ſides 
without communicating as much to the other. 
Upon this ſuppoſition, that conſequence. is 
perhaps more obvious than upon the ſuppoſi- 
tion of one half of the glaſs being crowded 
with the electric matter, and the other half 
exhauſted. In the former caſe, every attempt 
to withdraw the fluid from one of the ſides is 
oppoſed by the more powerful attraction of 
the other fluid on the oppoſite ſide. On the 
other hypotheſis, it is only oppoſed by 
the attraction of the empty pores of the 

glaſs. | 

LASTLY, the exploſion upon the diſcharge 
of the glaſs has as much the appearance of 
two fluids ruſhing into union, in two oppo- 

ſite directions, as of one fluid, g 
| only 
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only in one direQion. The ſame may be 
ſaid "of the appearance of every common elec- 
tric ſpark, i in which, upon this hypotheſis, 
there is always ſuppoſed to be two currents, 
one from the electric, or che electriſied body, 
and the other to it. 

I po not ſay that the bur which is uſually 
ſeen on both ſides of a quire of paper pierced 
by an electric exploſion, and the current of 
air flowing from the points of all bodies elec- 
trified negatively as well as poſitively, are ma- 
terial objeQtions to the doctrine of a ſingle 
fluid. I have even ſhown how they may be 
explained in a manner conſiſtent with it; but 
upon the ſuppoſition of two fluids, and two 
currents, the difficulty of accounting for theſe 
facts would hardly have occurred. 

Tur phenomena of diſcharging a plate of 
glaſs, upon the hypotheſis of two fluids, are 
indeed injudiciouſly explained by Mr. Sym- 
mer; who ſuppoſes that the two fluids do not 
always make the whole circuit of the inter; 
vening conductors, but enter them, more or leſs, 
from each fide of the plate, according to- the 
ſtrength of the charge. But upon this ſup- 
polition, the. fire of the ſmalleſt charge per- 
forms the whole circuit, as well as the fire 
of the greateſt, in order to reſtore the equi- 
librium of the two fluids on each ſide of the 
glaſs. 

IT is almoſt needleſs to obſerve, that the 
influence of points is attended with exactly 
the ſame difficulty upon this theory as upon 
the other. It is * eaſy, or equally dif- 


i ficult, 


| 
| 
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ficult, to ſuppoſe one fluid to enter and go 
out at the point of an electrified conductor, at 


different times, as to ſuppoſe that, of two 
fluids, one goes out, and the other goes in, at 
the ſame time. ey 
 THaT bodies immerged in electric atmo- 


ſpheres muſt acquire the contrary electricity, 
is quite as eaſy to conceive upon this, as upon 
any other hypotheſis.” For, in this caſe, ſup- 


| poſe the electrified body to be poſſeſſed of the 


vitreous electricity, all the vitreous electricity 
of the body which 1s brought near it will be 
driven backwards, to the more diſtant parts, 
and all the reſinous electricity will be drawn 


| forwards. And when the attraction between 
the two electricities, in theſe different bodies, 


is ſo great as to overcome the oppoſition to 
their union, occaſioned by the attraction of 
the bodies that contained them, the form of 
their ſurfaces, and the reſiſtance of the inter- 
poſing medium, they will ruſh together; an 
electric ſpark will be viſible between them, 
and the electricity of both will appear to be 
diſcharged ; the prevailing eledtricity of each 
being ſaturated with an equal quantity of the 
oppoſite kind, from the other body. 

Tuis hypotheſis will likewiſe eaſily ac- 


count for the difficulty of charging a very 


thick plate of glaſs, and the impoſlibility of 
charging it beyond a certain thickneſs : for 
theſe fluids at a greater diſtance, will attract 
one another leſs forcibly; and at a certain 
ſtill greater diſtance will not attract at 
all. LE 
8 HAvING 
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Having given the moſt favourable view 


that I'can of this hypotheſis of two electric 


fluids, I ſhall, with the ſame fairneſs, make 
the beſt anſwer I am able to the principal 
objection that will probably be made to it. 
IF it be aſked, why the two fluids, meet- 
ing on the ſurface of the globe, or in the 
eleric exploſion, do not unite, by means of 
their ſtrong affinity, and make no farther 
progreſs ; it may be anſwered, that the attrac- 
tion between all other bodies and the particles 
of both theſe fluids may be ſuppoſed to be, at 
leaſt, as ſtrong as the affinity between the 
fluids themſelves; ſo that the moment that 
any body is diſpoſſeſſed of one, it may recruit 
itſelf, to its uſual point of faturation, from 
the other. | 
BesIDEs, in whatever manner it be that 
one of the electric fluids is diſlodged from 
any body (ſince, upon every theory, the two 
elericities are always produced at the ſame 
time) the oppoſite electricity will, by the 
lame action, be diſlodged from the other ſub- 
ſtance, And (as upon the common theory) 
whatever it be that diſlodges the fluid from 


any ſubſtance, it will be ſufficient to prevent. 


its return; conſequently, ſuppoling both the 
ſubſtances neceſſarily to have a certain pro- 
portion of electric matter, each may be imme- 


diately ſupplied from that which was diſlodged 


from the other. 

Tus rubber, therefore, at the time of ex- 
citation, gives its vitreous electricity to that 
part of the ſmooth glaſs againſt which it has 

Vor. II. | | WH been 
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been preſſed, and takes an equal quantity of 
the reſinous in return. The glaſs, being a 


non- conductor, does not allow this additional 
1 of vitreous electricity to enter its ſub- 


ance. It is therefore diffuſed upon the ſur- 


face, and, in the revolution of the globe, is 
carried to the prime conductor. There (as in 
the experiments begun by Mr. Canton, and 


proſecuted by Mr. Wilcke, &c.) it repels the 


vitreous, and, violently attracts the reſinous 


electricity; and (the points of the conductor 


* 


favouring the mutual tranſition) the vitreous, 
which abounds upon the globe, paſſes to the 


conductor; and the reſinous, which abounds 
on the neareſt parts of the conductor ruſhes 


upon the globe. There it mixes with, and 
ſaturates what remained of the vitreous elec- 
tricity, on the part on which it flows, and 
thereby reduces it to the ſame ſtate in which 
it was before it was firſt excited. Every part 
of the ſurface of the globe performs the ſame 


office, firſt exchanging electricities with the 


rubber, and then with the conductor. 

Tux ſolution of this difficulty will likewiſe 
folve that of the electric exploſion, in which 
there is a colliſion, as it were, of the two 
fluids, while yet they completely paſs one an- 
other. For ſtill each ſurface of the glaſs may 
be fuppoſed to require its certain portion of 
electric matter, and therefore cannot part 
with one ſort without receiving an equal quan- 
tity of the other. It muſt be conſidered alſo, 
that the air, through which theſe fluids pals, 
has already its natural quantity of nas + 
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ſo that being fully ſaturated, it can contain 
no more ; and the two fluids only ruſh to the 
places from whence they had been forcibly 
diſlodged, and where the greater body of the 
oppolite fluid waits to embrace them. _ 

Ms. SyMmMER's hypotheſis of a double 
current differed in ſome reſpects from that of 
the Abbe Nollet. The Abbé, however, ac- 
cording to his uſual candour, ſpeaks of him 
with the higheſt reſpect; at the ſame time, he 
ſtill appears an advocate for his old favourite 
hypotheſis. | | 

Ma. Ci A, who purſued the experiments 
above recited of Mr. Symmer, obſerves, with 
reſpect to his theory; that it is not contra- 
dicted by any phenomena that are yet known, 
and that it ſuits ſome of them in a peculiarly 
clear and elegant manner; particularly every 
thing relating to charging and diſcharging a 
plate of glaſs; all the experiments which 
ſeem to ſhow a mutual attraction between the 
two electricities, when they are kept aſun- 
der; and that curious experiment above men- 
tioned of Signior Beccaria, of diſcharging a 
plate of glaſs ſuſpended by a ſilken ſtring, 
without either touching or moving the plate. 
Yet, upon the whole, he declares in favour 
of Dr. Franklin's theory of poſitive and ne- 
gative electricity, on account of its admirable 
ſimplicity, and becauſe philoſophers ought 
not to multiply cauſes without neceſſity. 

DR. FRANKLIN's theory, he ſays, com- 
pletely ſolves all the caſes of the two elec- 
tricities deſtroying one another when they are 
| E 2 mixed; 
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mixed; but doth not fo clearly account for 
their attracting, and counteracting one an- 
other when they are ſeparate. He concludes 
with ſaying, he doth not chuſe to fay much 
on ſo very obſcure a queſtion, which has di- 
vided the opinions of very great men; and 
that any hypotheſis of the two electricities, 
which will account for the deſtruction of all 
the ſigns of electricity when they are united, 
and their mutual attraction when they are ſe- 
parate, will equally fuit all the phenomena 
that have been diſcovered. 

I rave taken a little pains with this theory, 
becauſe I thought it had been, hitherto, too 
much overlooked, and that ſufficient juſtice 
had not been done to it, even by thoſe who 

opoſed it. For the future, I hope it will 
be ſeen to more advantage, and appear a little 
more reſpectable among its ſiſter hypotheſes ; 
and then, valeat quantum valere poteſt. It 
any electrician will favour me with the com- 
munication of any other theory, not obviouſ- 
ly contradicted by facts, I ſhall think myſelf 


__ obliged to him, and ſhall think I do a piece 


of real ſervice to the ſcience in the publication 
of it, If more perſons favour me with more 
different theories, I ſhould think my book, as 
far as theories are of any uſe, ſo much the 
more valuable. 


PART 
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TRICITY, AND HINTS FOR THE FARTHER 
EXTENSION OF 1T. 
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GENERAL OBSERVATIONS ON THE PRESENT 
STATE OF ELECTRICITY. 


HAT real progreſs has been made in 

electricity, has, I preſume, been ſuf- 
ficiently demonſtrated in the courſe of the pre- 
ceding hiſtory ; that a great deal ſtill remains 
to be done, will, I think, be evident from 
this part of the work. Thoſe perſons who 
think that nothing has been done to any pur- 
poſe in Natural Philoſophy, or that the ad- 
vances have been made very flowly, fince the 
time of Sir Iſaac Newton, need only read the 
preceding hiſtory, to be convinced, both that 
a great deal has been done, and that the pro- 
greſs in this kind of knowledge, inſtead of 
being flow, has been amazingly rapid. To 
quicken the ſpeed. of philoſophers in purſuing 
this progreſs, and at the ſame time, in ſome 

; E 3 meaſure, 
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meaſure, to facilitate it, is the intention of 
this treatiſe, and more eſpecially of this part 
of it. When a traveller imagines he is near 
his journey's end, he is little ſolicitous about 
making diſpatch, thinking that, without any 
haſte, the labour of the day will quickly be 
over; whereas, if he find that, whatever pro- 
greſs he may have made, he has a great deal 
ſtill to make, he continues, or quickens his 

ſpeed. | | 

THe principal reaſon why many ingenious 
perſons have ſo ſoon got to their ne plus ultra 
in philoſophical diſcoveries, has evidently 
been their attachment to favourite theories; 
which they imagined both accounted for all 
the phenomena that had been obſerved, and 
would likewiſe account for all that ſhould be 
obſerved. Having therefore attained to the 
great object of a ſcience, and diſcovered the 
ultimate and moſt general principles of it, 
there was nothing more that was worth their 
notice ; it being beneath men of genius to 
ſpend their time in diverſifying effects, when 
there were no new cauſes to be found, I hope 
that what has hitherto been ſaid concerning 
the nature and uſe of hypotheſes, and about 
the progreſs and preſent imperfect ſtate of 
thoſe which reſpect electricity, will convince 
thoſe electricians who may not yet have been 
convinced of it, that our buſineſs 1s ſtill chiefly 
with facts, and the analogy of facts; that far 
too few of theſe have been diſcovered to aſcer- 
tain a perfect general theory, and that all 
that the preſent hypotheſes can do for 
2 on 
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us muſt conſiſt in ſuggeſting farther experi- 
ments. 
Ix we look back upon the hiſtory of elec- 
tricity, and conſider the ſtate of facts and of 
hypotheſes at any particular period of time 
paſt, we ſhall ſee that there was always the 
ſame apparent reaſon for acquieſcing in what 
had been done, as at preſent. The theories 
of the firſt elericians, lame and imperſect as 
they were, were yet ſufficient to account for 
all the facts they were acquainted with; and 
as for other facts, they could have no idea or 
apprehenſion of them, and therefore could not 
be ſolicitous about them. 

Ms. BoyLEe,: no doubt, was as fully | ſatiſ- 
fied with his ſimple hypotheſis of the unc- 
tuous effluvia, as Mr. Nollet with his theory 


of affluences and effluences; or the greateſt 


part of the preſent race of electricians with 
that of poſitive and negative electricity. Mr. 
Haukſbee, when he made his ſurpriſing diſ- 
coveries concerning the properties of electric 
light, and many curious circumſtances con- 
cerning electric attraction and repulſion, might 
very naturally think that little more was to 
be done. Indeed, who could have thought 
otherwiſe, when the ſcience was actually at a 
ſtand for ſeveral years after him ? All that the 


indefatigable Mr. Grey (who made the great 
diſcovery of the communication of electric 


powers to bodies not electric per ſe) imagined 


to remain undone, were mere chimeras and 


llufions, Mr. Du Fay, who made the dif- 


covery of vitreous and reſinous electricity, 
E 4 had 
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had no idea of the electric ſhock; and the 
| German philoſophers, who accidentally ob- 
ſerved it, knew nothing of its moſt remarx- 
able properties. Notwithſtanding a great 
number of treatiſes on the ſubject of electri- 
city appeared preſently after this diſcovery, 
and ſome of them very ſyſtematical, compre- 
hending, no doubt, what the authors of them 
thought to be the whole of the ſcience, yet 
none of them had the leaſt idea of the amazing 
diſcoveries of Dr. Franklin, relating either to 
the Leyden phial, or to the nature of light- 


ning. And though numbers of Dr. Frank- 


lin's admirers thought that he had exhauſted 
the whole ſubject, he himſelf was far from 
thinking ſo; and the hiſtory of electricity, 
fince the date of his capital diſcoveries, de- 
monſtrates that his ſuſpicion was true. 

, Ir may be ſaid, that there is a ne plus ultra 
in every thing, and therefore in electricity. 
It is true: but what reaſon is there to think 
that we have arrrived at it. Mr. Grey might 
have uſed the ſame language above twenty 
years ago; but every body will now ac- 
knowledge, that it would have been above 
twenty years too ſoon : and yet, I think, it 
is evident, that Mr. Grey had really more 
reaſon to think he had arrived at the ne p/us 
ultra of electricity, than we have to think that 


we are arrived at it. Time has brought to 


light a great number of incomplete, as well as 
complete experiments, and perhaps more of 
the former than of the latter ; concerning all 


which, as he could have no knowledge, ſo 
he 
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he could have no doubts ; ſo that, though we 
know much more than he did; we, at the 
fame time, know how much more is unknown 
better than he could.. Hitherto the acquiſition 
of electrical knowledge has been like the ac- 
quifition of riches: the more we poſſeſs, 
the more we wiſh to poſſeſs; and, I hope, the 
more iridefatigable we ſhall be to acquire the 
poſſeſſion of it. | 

Ons thing extremely uſeful to the progreſs 
of farther diſcoveries, is to know what has 
really been done by others, and where the 
ſcience ſtands at preſent. For want of this 
knowledge, many a perſon has loft his time 

n experiments which he might have known 
had either failed or ſucceeded with others; 
and which it was, therefore, not worth his 
while to repeat. But the ſources of this kind 
of information are too much ſcattered, and too 
diſtant for moſt perſons to have acceſs to them, 
This was the firſt motive of the preſent under- 
taking, intended to exhibit a diſtinct view of 
all that has been done in electricity to the pre- 
ſent time, and likewiſe the order and manner 
in which every thing has been done; that 
electricians, having a diſtinct idea of what the 
progreſs of electrical knowledge has been, 
might ſee more clearly what remains to be 
done, and what purſuits beſt promiſe to re- 
ward their labour. 

INDEED it is almoſt impoſſible for any per- 
ſon to read the hiſtory of electricity without 
gathering many hints for new experiments. 
When he has the whole before him at one 


ew, 
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view, he can better bring the diſtant parts 
together; and from the compariſon of them, 
new lights may ariſe. When he ſees what 
experiments have failed, and what have ſuc- 
ceeded ; what branches of the ſcience have 
been moſt attended to, and what things ſeem 
to have been overlooked ; what has been diſ- 
covered by accident, and what by theory; 
when he ſees both the true lights which di- 
rected ſome happy diſcoverers, and the falſe 
lights which miſled others, he will have the 
beſt preparation for purſuing his own in- 
quiries. 

To point out many of the Kikdivate in the 
ſcience of electricity, I am ſenfible, will, for 
this reaſon, be ſuperfluous to many perſons, 
and probably to moſt who will have read thus 
far of this treatiſe : for ſufficient hints of them 
muſt have been ſuggeſted by the perſual of 
the hiſtory. But if I have been anticipated in 
this part of my work by ſome of my readers, 

it will not diſpleaſe them to find it; and to 
\ - Others, the contents of this chapter will be pe- 
culiarly uſeful. 

Ir, indeed, I had conſulted. my reputation 
as a writer, or a philoſopher, I ſhould not 
have attempted this chapter at all. For not 
only will many of the articles which I ſhall 
now put down as defrderata in the ſcience be 
ſoon no longer ſo, and even young electrici- 
ans be able to give ſatisfactory anſwers to ſome 
difficult queries I am going to propoſe; but 
many of them will probably appear idle, fri- 


volous, or extravagant ones; and, in a more 
advanced 
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advanced ſtate of the ſcience, it will hardly 
be imagined why I put them down at all. But 
if this chapter be a means of haſtening ſo de- 
ſirable an event, and of accelerating the pro- 
greſs of electrical knowledge, I am very will- 
ing that it ſhould, ever after, ſtand as a monu- 
ment of my preſent i ignorance. 

« THESE thoughts,” to adopt the words 
of Dr. Franklin, with much more propriety 
than he himſelf; firſt uſed them, „are man 
of them_crude and haſty; and if I were 


« merely ambitious of acquiring ſome repu- 


tation in philoſophy, I ought to keep them 
« by me, till corrected and improved by time 
te and farther experience But ſince even 
« ſhort hints and imperfe& experiments, in 
* any new branch of ſcience, being commu- 
« nicated, have often times a good effect, in 
exciting the attention of the ingenious to 
the ſubject, and ſo become the occaſion of 
more exact diſquiſitions, and more com- 
plete diſcoveries; you are at liberty,“ ſays 
he, to Mr. Collinſon, “to communicate this 


paper to whom you pleaſe, it being of 


* more importance that knowledge ſhould in- 
* creaſe, than that your friend ſhould be 
« thought an accurate philoſopher.“ 

I wouLD not even propoſe to draw up the 
following queries upon the plan of thoſe of 


Sir Iſaac Newton, at the end of his treatiſe on 


Optics. Many of them are ſuch, that I have 
hardly the moſt diſtant expectation of their be- 
ing verified; but the attempt to verify them 


may 
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may poſſibly lead to ſome other diſcoveries 
of more importance, They are ſuch ran- 
dom thoughts as led to the new experiments 
1 have made; and not having any more 
leiſure to purſue them myſelf, I freely im- 
part them to my reader, that He may make 
as much advantage of them as he can: being 
determined, upon taking leave of the ſubject, 
ro write myſelf fairly out, as Mr. Addiſon ſays; 
or, as the Spaniſh writers ſlay, to leave nothing 
in my inkhorn. 
Happy would it be for ſcience, if all phi- 
Jofophers who are engaged in the ſame pur- 
- Tuits, would make one common chapter of 
all their hints and queries : and great- 
1y honoured ſhould 1 think myſelf if the 
Preſent chapter in this treatiſe might be made 
uſe of for that purpoſe, and if, in future 
editions of the work, it ſhould be looked in- 
to as the common receptacle of the preſent 
defiderat# among the whole body of elec- 
tricians, and of their imperfe&t hints for 
new diſcoveries. With pleaſure ſhould J ſee 
each of them diſtinguiſhed by the name of 
ſome generous and illuſtrious contributor. 
A few, the reader will find, have been add- 
ed to my own, and are diſtinguiſhed i in this 
* manner. 

| Many perſons can throw out hints, who 
either have not leiſure, or a proper appa- 
ratus for purſuing them: others have lei- 
ſure, and a proper apparatus for making 


experiments, but are content with amuſing 
7 them- 
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themſelves and their friends in diverſifying 
the old appearances, for want of hints and 
views for finding new ones. By this means, 
therefore, every man might make the beſt 
uſe of his abilities for the common good, 
Some might ſtrike out lights, and others pur- 
ſue them; and philoſophers might not only 
enjoy the pleaſure of reflecting upon their own 
diſcoveries, but alſo upon the ſhare they bad 
ecatributed to the diſcoveries of others, 


SECTION 


* 
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'SECTION II. 

| QUERIES AND HINTS CALCULATED To 
PROMOTE FARTHER DISCOVERIES IN ELEC- 
TRICITY, . 


J. 


| Queries AND HINTS concritnths 9 
ELECTRIC FLUID. 


/ 


HAT is the proportion of the ſeve- 
ral colours in electric light, in diffe- 
rent caſes, and in different appearances 
of it? " 

Is not the electric light a real vapour ignit- 
ed, ſimilar to that of phoſphorus ; and may 
not experiments be, hereafter, made, where 
we ſhall have the exploſion, the ſhock, and 
the other effects of electricity, without the 
light? Is the electric light ever viſible ex- 


cept in vacuo? In the open air the elec- 


tric fluid makes itſelf a vacuum in order to its 
paſlage. 

ColLESr the electric fluid, not from the 
general maſs of the earth but from bodies 
of particular kinds, and obſerve if it have 
any different properties, with reſpect to 
light, &c. 

Tanks Is 
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ls it exactly the ſame at ſea, as on land; 
below the ſurface of the earth, as youu it ; 
&c. &. &c.? 

Ds. FRANKLIN obſerved, that iron was 
corroded by being expoſed to repeated elec- 
tric ſparks. Muſt not this have been effected 
by ſome acid ? What other marks are there 

of an acid in the electric matter? May not its 
phoſphoreal ſmell be reckoned one? 

Is there only one electric fluid, or are 
there two? Or is there any electric fluid /uz 

eneris at all, diſtin from the ether of Sir 
ase Newton? If there be, in what reſpect 
Frog it differ from the ether? 

ARE the particles which affect the organ of 
ſmelling, as well as the particles of light, parts 
of the proper electric fluid, or are they merely 
adventitious, being, ſome way or other, e 
into action by electricity? 

Doxs not ſome particular order of the par- | 
ticles, which Sir Iſaac Newton ſuppoſes to 
be continually flying from the ſurfaces of 
all bodies, conſtitute the electric fluid; as 
others, he imagined, conſtitute the air, and 
others the ether, &c.? 

Is it probable that there is even any tempo- 
rary, or growing addition to, or diminution 
of the whole ſtock of electricity? 

WHENCE ariſes the elaſticity of the electric 
fluid, and according to what law do its parti- 
cles repel one another? Mr. Price. 

Is not the electric matter the ſame with, 
or at leaſt, hath it not ſome near relation to 
that luminous matter which forms the. ſolar 
atmo- 


i 
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ny and produces the phenomenon 


called the zowtacal light; which is thrown 


off principally, and to the greateſt diſtance, 
from the equatorial parts of the ſun, in con- 
ſequence of his ratation on his axis, extend- 
ing viſibly in the form of a luminous pyra- 


mid, as far as the orbit of the earth; and 


which, according to Monfieur De Mairan's 
ingenious, and at leaſt, plauſible hypotheſis, 
falling into the upper regions of our atmo- 
ſphere, is collected chiefly towards the polar 
parts of the earth, in conſequence of the diur- 
nal revolution, where it forms the aurora 


borealis ? 
May not the ſun be the fountain of the 


electric fluid; and the zodiacal light, the tails 


of comets, the aurora borealis, lightning, 


and artificial electricity as it is various, and not 
very diſſimilar modifications *? | 


Dip not the ſulphureous ſmelt draw our at- 
tention towards the vitreolic acid, the peculiar 


hiſſing noiſe accompanying the electric blaſt, 


ſpontaneouſly iſſuing, for inſtance, from the 
pointed wire of a fully charged phial, appears 
rather to mimic the exploſive action of defla- 
grating nitre; and may, accordingly, with- 
out much violence, be fuppoſed to arife from 
the nitrous aerial acid, violently commenſtru- 
ating with the phlogiſton, which it either 
meets with in the air, or which is conveyed 
to it by the eleQrified body. Or, were we to 


adopt the  bypothels of two diſtinction electric 


Monthly Review, October 1767, p. 353» 
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fluids, 
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fluids, we might, by way of temperament, pro- 

poſe as a query, whether the nitrous acid, &c, 
may not be the conſtant concomitant of thoſe 
exploſive pencils of light, which are obſerved 
to dart from the points of bodies replete with 
the vitreous, electricity; while the ſilent and 
languid luminous ſpecks (reſembling the ſmall 
tip of a lighted match) appearing on the ex- 
tremities of bodies endued with a reſinous 
electricity, may as probably indicate the ac- 
cenſion of a ſulphureous matter, and conſe- 
quently the preſence of the vitreolic acid, the 


electric ſpark of exploſion, appearing on 


the approach of the two bodies, being con- 
ſidered as the effect, at leaſt, in part of 
the menſtrual aQtion of theſe two acids on 

each other, &c. 5 | 


II. : 


| Quzrtrs anD HINTS CONCERNING ELEC- 
TRICS AND CONDUCTORS, 


In what does the difference between elec- 
tries and conductors conſiſt? In other words, 
what is it that makes ſome bodies permeable 
to 57 electric fluid, and others impermeable 
to it | "2 

ARE the pores of electric bodies ſmaller 
than thoſe of conductors, and do they con- 


P Monthly Review, December 1767, p. 458. 
Vol le? F tain 


| 
| 
| 
| 
| 
| 


| beſt in its ſtate of greateſt condenſation ; and 
metals the leaſt in their greateſt expanſion, as 


with the inviſible effluvia of a burning candle, 


charge any given degree of electricity, in ot. 
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tain very much, or very little of the eleQric 
fluid? 


WHAT is it in the internal Arudure of 
bodies that makes them break with a poliſh? 


Perhaps all ſolid electries do fo. 


Has elaſticity any connection with elec- 
tricity, ſome electrics being extremely elaſtic? 
| Wuar is the reaſon why, in ſome of Mr. 
Haukſbee's experiments, the electric light 
was viſible through a conſiderable thickneſs 
of very opaque electrics, as roſin, ſulphur, 
pitch, &c. but not through the thinneſt me- 
tallic conductors? 

Wuar ſimilarity is there i in the proceſſes 
of calcination, vegetation, animalization, and 
in ſome meaſure cryſtalization; ſince all bo- 
dies which have gone through any of thoſe 
proceſſes, and perhaps no others, are found 
to be eleQtrics ? 

' ARE not both electrics and conductors more 
perfect in their kind in proportion to their 
ſpecific gravity ? 

WII I not water conduct electricity the 


ſhown by a pyrometer ? 
ComPaRt the inviſible effluvia of water 


and alſo thoſe proceeding from other bodies, 
with reſpect to their owe of conducting elec- 
tricity. | 

OBsERve what FOR of heat will dif 


det 
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der to find in what degree heat makes air a 
conductor. 


III. 


Quenres: AND HINTS CONCERNING EXCI- 
TATION. 


War is the difference, in the internal 
ſtructure of electries, that makes ſome of them 
excitable by friction, and others by heating 
and cooling ? 

WHAT have friction, heating, cooling, 
and the ſeparation after cloſe contact in com- 
mon to them all? How do any of them con- 
tribute to excitation? And in what manner 
is one, or the other kind of electricity pro- 
duced by rubbers me electrics of different 
ſurfaces ?' | 

Is not Mr. Epinus's Spe eh of preſſ- 
ing two flat pieces of glaſs together, when 
one of them contracts a poſitive and the other 
a negative electricity, ſimilar to the experi- 
ments of Mr. Wilcke coneerning the produc- 
tion of electricity by the liquefaction of vari- 
ous ſubſtances in others; when the ſubſtance 
which melts and contracts i is in one ſtate, and 
that which contains it is in the oppoſite? And 
are not both theſe caſes ſimilar to the excita- 
tion of the tourmalin, &c. by heating and 
cooling ? In this caſe may not the tourmalin 


and the air act upon one another and be in op- 
poſite ſtates? 
F 2 


Is 
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Is not the circumſtance common to all 

. theſe caſes, ſome affection of that. ſpace near 
the ſurface of the bodies in which the refrac- 
tive power lies? When bodies which have 
been preſſed together within that ſpace recede 
from one another, more ſurface, and conſe- 
quently more of that ſpace is made, doth not 
the electric fluid flow into it from that body 
which has the leaſt power of retaining it, 
and which it can permeate with the moſt 
eale; when not being able to enter the 
ſubſtance of the other, it reſts - upon its ſur- 
face ? | 

ARE not the particles of the electric and 
rubber thrown into a vibration in the act of 
excitation, which makes frequent recegings 
of the parts from one another, and thereby 
promotes the effect above mentioned? 

WHAT is the real effect of putting moib- 
ture or amalgam upon the rubber? Do not 
thoſe ſubſtances inereaſe the power of excita- 
tion, as conductors more diſtant from the 

ſmooth glaſs, in the gradation of electrics, 

than the ſurface of the leather? Or do they 
only make the rubber touch in more points, 
or alter the ſurface of the rubber? 

Has that difference of ſurface on which 
colour depends any influence upon the power 
of excitation? 

THe tourmalin and a veſſel of charged glab 
hermetically ſealed are both excited by heat 
ing and cooling. What other properties hai 
they in common? ä 


IV. 


* 
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| 
: IV. 

Quxxtrs AND HINTS CONCERNING ELEC- 

8 + TRIFICATION. | 2 
C Doxs electrification increaſe the exhalation 


t of vapours either from cold or from boiling 
f water ? If it do, is the increaſed exhalation 
No the ſame in all ſtates of the atmoſphere ? 
1 Does not the electric matter paſs chiefly on 
the ſurface of bodies ? | 
af Is the action of electrified bodies upon one 
of another more properly an attraction or a re- 
h pulfion? - \ 1h CER 
by WovLy not continued electrification pro- 
mote putrefaction ? | 
4 In what manner is the mutual repulſion 
ot ef two bodies electrified negatively per- 
u- formed ? Is it by the attraction of the 
the WI denſer electric fluid in the neighbourhood, 
ics, by the quantity of it which may be ſup- 
hey Poſed to be aceumulated on the ſurfaces 
nt, of ſuch bodies in the manner deſcribed 
| p. 430, or to the mutual repulſion of 
nch the particles of matter of which the bo= 
wer WI dies conſiſt ? 28 2 ge. 
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QuzrIEs AND HINTS CONCERNING TRI 
POWER Or CHARGING ETECTRICcs. 


WHAT 1s the real operation of conductors 
in coating electric ſubſtances ?_ 

Wuar is the maximum of charging a 
glaſs jar, with reſpect to the quantity of 
its ſurface, covered by the coating? It 1s 
evident that ſome jars will diſcharge them- 
| ſelves, when only a ſmall part at the bottom 
of them is coated, and when the exploſion 1s 
very inconſiderable. 

EnDEAvouR to charge a plate of glaſs 
with the coating preſſed into actual contact 
with its ſurface, by means of heavy weights 
Alſo endeavour to excite a plate of glaſs in 
the ſame manner. It is pretty certain that, i 
the uſual method of exciting and charging, the 
real ſubſtance of the glaſs is not touched ; and 
though water be attracted by glaſs ; it may on- 
ly be to a certain diſtance from it. 


* 


an amd Ana 


QuzrIEs CONCERNING THE ELECTRICIT! 
OF F GLASS. 


* 


Tnxovon what thickneſs of glaſs will u 


excited electric, of any given ſtrength, attra 
an 


ITI 
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and repel light bodies? Is not the ſame thick- 
neſs the limit of charging glaſs with the elec- 
tric fluid ? | 

| Is not a plate of glaſs contracted in its di- 
menſions by charging, the two electricities 
ſtrongly compreſſing it, ſo as to increaſe its 
ſpecific gravity ? 8 | 

Is the tone of a glaſs veſſel, made in the 
form of a bell, the ſame when it is charged 
as when it is uncharged ? Or would the ring- 
ing of it make it more liable to break in thoſe 
circumſtances ? | 

Doss the electric fluid with which glaſs is 
charged reſide in the pores of the glaſs, or 
only on its ſurface ; or rather within the ſpace 
that is occupied by the power of refraction, - 
Lc. a ſmall ſpace within, and likewiſe with- 
out the ſurface ? | 

Is the refractive power of glaſs the ſame 
when it is charged or excited ? 

How does the different refractive power of 
glaſs, or its denſity (which is probably in the 
ſame proportion with its refractive power) 
affect its property of being excited or 
charged ? | ? 

Is there not a conſiderable difference in 
glaſs when it is new made, and when it has 
been kept a month or two, both with reſpect 
to excitation and charging ? 

Ler glaſs of every different compoſition 
be tried both with reſpect to excitation and 
charging. Would it not be found that diffe- 
rences with reſpect to metallic ingredients, 

F 4 hard= 
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hardneſs, annealing, continuance in fuſion, 
Kc. would influence both the properties; and 
that, in ſeveral caſes, the ſame circumſtance 
that was favourable to one would be unfavour- 

able to the other? | 
GLass has hitherto been ſuppoſed to be 
full of the electric fluid, and its impermeabi- 
lity has been accounted for upon the difficulty 
with which the electric fluid moves in its 
pores. But may we not ſuppoſe the ſubſtance 
of glaſs to be abſolutely impermeable to elec- 
tricity, that no foreign electric matter ever ſo 
much as enters a ſingle pore of it, but lodges 
wholly on its ſurface ; for inſtance, between 
the point of contact and the real ſurface, or 
within the limits of the refractive power; 
that is, a little way on both ſides the ſurface, 
This place is, I think, on many accounts, ex- 
tremely convenient to diſpoſe of the electric 
matter, whether we make it to conſiſt of two 
fluids, or of one. Their being kept aſunder, 
if there be two, or its being prevented from 
getting through, if there be but one, will be 
much eaſier to conceive in this eaſe, than up- 
on the ſuppoſition that the electric fluid can 
enter and move in the ſubſtance of the glaſs, 
though it can only enter and move with dif- 
ficulty, as Mr. Epinus expreſſes it. For, let 
the motion be ever ſo difficult, one would 
think that this circumſtance could only make 
it move {o much the ſlower, and that, give the 
electricity in the charged plate of glaſs time 
enough, and it would at length, without any 
* | exter- 
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external communication, perform the journey 


to the other fide, whither it has ſo ſtrong a 
tendency to go. % 

1 Mok OVER, one would think, that, upon 
the hypotheſis of the admiſſion of the elec- 

e tric fluid within the pores of the glaſs, when 

ho the diſcharge of a phial was actually made 


through the ſubſtance of the glaſs, it might be 
in a filent manner, without breaking the 
glaſs; whereas when the ſurfaces of the glaſs 
are ſuppoſed to be violently preſſed, and the 
pores of it not in the leaſt entered by any par- 
ticle of the fluid, or fluids, the impoſlibility 
of the electric charge getting through the glaſs 


r is evident, as well as the neceſſity of its break- 
ing the glaſs, if it do force a paſſage. 

e. 

i 

10 VII. 

70 5 

, Qitrizs AND HINTS CONCERNING” THE 
m EFFECT of ELECTRICITY on ANIMAL 
be BODIES. 

4 Is the fluid on which electricity depends, at 
ls, all concerned in any of the functions of an 
if- animal body ? In what manner is the pulſe of 
let a perſon electrified quickened, and his perſpi- 
11d ration increaſed ? 

ke MAY not the increaſed perſpiration of an 
he animal body be greater in a moiſt atmoſphere 
me than in a dry one, there being then more 
ny conducting particles in the atmoſphere, to act 


er- and react upon the effluvia in the pores of the 
| body; 
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body; on which the copious perſpiration does, 
probably, in a great meaſure, depend? 


VIII. 


Queries AND HINTS CONCERNING THE 
ELECTRICITY OF THE ATMOSPHERE. 


In what manner do the clouds become poſ- 
ſeſſed of electricity? N 
Doss the wind in any meaſure contribute 

| © 

Is it effected by the gradual heating and 
cooling of the air? If fo, whether is it the 
heating or the cooling that produces poſitive 
electricity? Which ever it be, the contrary 
will probably produce negative electricity. 
Let the experiment be made by an electrical 
kite. Mr. Canton. | 

As thunder generally happens in a ſultry 
ſlate of the air, when it ſeems repleniſhed 
with ſome ſulphureous vapours; may not the 

electric matter then in the clouds be gene- 
rated by the fermentation of ſulphureous 
vapours with mineral or acid vapours in the 
air? M.. Price. | 

Ma. WiLckE ſuppoſes the air to contract 


tits electricity, in the ſame manner as ſulphur 


and other ſubſtances do, when they are heat- 

ed and cooled in contact with various bodies. 

Thus the air, being heated or cooled in the 

neighbourhood of the earth, gives electricity 

to the earth, or takes it from it, and the 2 
| tri 
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trified air, being conveyed upwards, by vari- 
ous means, communicates its electricity to the 
clouds *. 

LET rain, ſnow, _ hail be received in in- 
ſulated veſſels, in different ſtates of the atmo- 
ſphere, to obſerve whether they contain any 
electricity, and in what degree. | 

May not the yoid ſpace above the clouds. 
be always occupied with an electricity oppo- 
ſite to that of the earth? And may not thun- 
der, earthquakes, &c. be occaſioned by the 
-ruſhing of the electric fluid between them, 
whenever the redundancy in either is exceſſive? 
Is not the aurora borealis, and other electrical 
meteors, which are remarkably bright and fre- 
quent before earthquakes, ſome evidence of 
. 

Is not the earth in a conſtant ſtate of 1 mo- 
derate electrification, and is not this the cauſe 
of vegetation, exhalation, and other the moſt 
important proceſſes in nature? Theſe are pro- 
moted by increaſed electrification. And is it not 
probable that earthquakes, hurricanes, &c. as 
well as lightning, are the conſequence of a too 
powerful electricity in the earth? 

SUPPOSING earthquakes to be cauſed by the 
diſcharge of a redundant electricity from the 
ſurface of the earth, might they not be prevent- 
ed, in countries ſubject to them, by kites con- 
ſtantly flying very high, with wires in the 
ſtrings, ſo as to promote an eaſy communica- 


tion between the earth and the upper regions 
of the atmoſphere ? 


® Remarks on Franklin's Letters, p. 302. 
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BrAncHrs or KNOWLEDGE PECULIARLY 


USEFUL To AN ELECTRICIAN; 


N the hiftorical part of this work I have 

ſhown what has been done on the fubje& 
of electricity, and under the preceding de- 
rata, have endeavoured to give ſome idea of 
what yet remains to be done, with a few 
hints concerning farther experiments. In the 
cloſe of this part, I would willingly do ſome- 


thing more towards enabling my reader to 


make farther advances in electrical inquiries. 
However, all that can be done in this way 


. muſt, in its own nature, be more imperfect 
than even the account of the dz/fiderata: for 


it is evident, that he who is able to teach 


others to make diſcoveries might make them 


himſelf, Notwithſtanding this, it is poſſible 
that ſome general obſervations may be of uſe 
to this purpoſe; ſuch tor inſtance as Lord Ba- 
con makes, in his Novum Organon; a book 
which, though it contain few or no philoſo- 
phical diſcoveries itſelf, has contributed not a 


little to the diſcoveries contained in others. A 
few ſuch general obſervations, confined to the 
ſubject of electricity, I ſhall endeavour to 


ſuggeſt in this place. 
IT is an obſervation which the progreſs of 
ſcience daily confirms, that all truths are not 
8 only 
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only conſiſtent, but alſo connected with one 
another. The obſervation has, with no ſmall 
appearance of juſtice, been extended even to 
the arts; there being no two of them ſo re- 
mote, but that ſome of the methods and pro- 
ceſſes uſed in the one have ſome analogy to 
ſome that are uſed in the other. Hence the 
knowledge of one art or ſcience is ſubſervient 
to the knowledge of others; and no perſon 
can preſume that he is perfectly maſter of any 
one, till he has received all the aſſiſtance 
he can from, at leaſt, all its ſiſter arts or 
ſciences. 0 

Ixpz p the very exiſtence of the various 
arts and ſciences is almoſt a demonſtration of 
their relation to each other. For it were high- 
ly unreaſonable to ſuppoſe, that the elements 
of any new art or ſcience were diſcovered by 
means independent of the ſtudy or practice 
of thoſe already known. As it is by-eaſy 
tranſitions that we paſs from one part of any 
particular ſcience to another, fo it is by tranſi- 
tions equally eaſy that mankind have paſſed 
from one diſtinct ſcience to another. Conſe- 
quently, to thoſe previouſly diſcovered arts 
and ſciences muſt we have recourle, in order 
to underſtand the full evidence, on which 
— firſt principles of any new art or ſcience 
ELECTRICITY is by no means an exce 


to this general rule. It has its ſiſter ſciences 


as well as others. In purſuance of them were 
its own principles firſt diſcovered; and the 

farther proſecution of electrical experiments 
| | e 
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has ſhown its connection with more ſciences 
than it was at firſt apprehended to have any 

relation to. Now the ſtudy of all theſe can- 
not but, reciprocally, contribute to perfect and 
extend the knowledge of electricity. 
GILBERT, the firſt of modern electricians, 
was led to make his electrical experiments by 
their relation to thoſe of magnetiſm, into 
which he was profeſſedly inquiring. The 
ſtudy of chymiſtry ſeems to have led Mr. 

Boyle to attend to electricity, as well as to 

other occult qualities of particular bodies. 

Electric light was conſidered by all thoſe who 

firſt obſerved it as a ſpecies of phoſphorus; 

and with this view was Mr. Haukſbee con- 
ducted in all the rn he made 
upon it. 

Tuksr, and other difoverice'i in eledricity, 
having been made thus indirectly, excited 
the attention of philoſophers to the ſubject, 

and induced them to ſit down to the ſtudy of 

it in a direct and profeſſed manner. Upon 
this it ſoon appeared, that electricity was no 
ſecondary, or occaſional, but a principal, and 
conſtant agent in the works of nature, even 
in ſome of its grandeſt ſcenes; and that its 
agency, far from being confined to bodies of 
a particular claſs, extended its influence to all 
without exception; that the mineral, veget- 
able, and animal world, with the human 
frame in a particular manner, were all ſubject 
to its power; and that electrical experiments 
and principles enter into the moſt intereſting 


arts and ſeiences which have them for their 
object. 
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object. We alſo ſee every day, that eleQri- 
city is extending itfelf ſtill more into the ſub- 
of other ſciences, both by means of the 
analogy of their operations, and alſo by their 
reciprocal influences. 
Os theſe accounts, to be an electrician at 
| Preſent, requires a much more extenſive fund 
of various knowledge than it did but ten years 
ago; and a man muſt have a very compre- 
henſive knowledge of nature in all its known - 
operations, before he can reaſonably expect 
to make any farther diſcoveries. For it can 
only be by applying electricity to various 
parts of nature, and by combining i its opera- 
tions with other operations, both of nature 
and art, that any thing new can be found out. 
Almoſt all that can be done by the common 
electrical machines, and the uſual a 
of them, has been done already; ſo that we 
muſt look farther in queſt of new diſcoveries. 
1 hope, therefore, that 1 ſhall be excuſed, if 
T endeavour to give a hint of that kind of 
knowledge which, I apprehend, may be pe- 
culiarly ſubſervient to improvements in elec- 
tricity, and furniſh views and materials for 
new experiments, 

NATURAL PHILOSOPHY cannot but be 
of the greateſt uſe for this purpoſe ; but, of 
all its branches, none promiſes to be of more 
uſe tothe electrician than cuymisTRY. Here 
ſeems to be the great field for the extenſion 
of electrical knowledge: for chymiſtry and 
eleQricity are both converſant about the latent 
and leſs obvious properties of bodies; and 

yet 


1 
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yet their relation to each other has been but 
| little conſidered, and their operations hardly 

ever combined; few of our modern electrici- 

ans having been either ſpeculative or practical 

chymiſts. 

AMoNG other Leanehas of Natural Philo- 
ſophy, let the doctrine af LIGHT AND co- 
Lougs be alſo particularly attended to. It 

was this that Newton thought would be the 
key to other, at preſent, occult properties of 
bodies. 

Lr particular attention be alſo given to 
every thing that the imperfect ſtate of Na- 
tural Philoſophy furniſhes reſpecting the Ar- 
Mos PpHERE, its compoſition and affections. 
The phenomena of lightning ſhow the con- 
nection of this ſubject with electricity; and, 
Probably, electricity may be our key to a much 
more extenſive knowledge of meteeplogy 
than we are yet poſſeſſed of. 

Tur ſhock of the Leyden, phial, the diſco- 
very of the ſameneſs of lightning and electri- 
city, together with the cure of ſeveral diſ- 
eaſes by electrical operations, are ſufficient to 
convince us of the ſingular importance of the 

| ſtudy of aNaToMy, and every thing relating 
| to the animal axconomy to an electrician. 
| And had phyſicians more generally attended 
| do electricity, as an article of the materia me- 
| dica, many more important and uſeful diſco- 
| 


veries might, no doubt, have been made. 
Enow, however, have been made to ite us 
. to farther inquiries, 


Ms. 
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* Ms. Erixus has lately given us an ex- 


cellent ſpecimen of what uſe MATUEMA- 
TICS, and eſpecially algebraical calcula- 
tions, may be to an electrician; and their 
uſe will probably, in time, be found till 


more extenſive. 


As electricity has much to expect from ſe- 
veral branches of Natural Philoſophy, ſo it 
will be ready, in its turn, to lend its aſſiſt- 
ance to them. It already ſupplies arguments 
and proofs of ſome principles in Natural Phi- 
loſophy, which ſtrengthen thoſe that are 
drawn from other quarters. By electricity, 
as well as by the principles of light and co- 
lours, we can demonſtrate, that it requires a 
conſiderable force to bring bodies which are 
contiguous to one another, and even lie up- 
on one another, into actual contact; and the 
moiſture of the air may perhaps be ſhowa to 
more exactneſs by Mr. Canton's electrical 
balls than by any other hygrometer whatever. 
But I do not mean to purſue this ſubject, 
and only mention theſe caſes by way of ex- 
ample. 

Uron the ſubject of the proper furniture 
for an electrician, I think it may be juſtly 
added, that a knowledge of Mtcnanics 
will be uſeful to him; by which I mean, 
upon this occaſion, not only the theory, 
but in ſome meaſure the practice too. For 
without ſome mechanical knowledge of 
his own his electrical machinery will be 
very often out of order, and but ill anſwer his 
purpoſe, 
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_ ly given along with the machines will enable 


ther, he muſt diverſify his apparatus; he 
chines, and will find that common work- 


uſual way, without more than general di- 


cannot always be at hand, to do every little 


Ir, indeed, a perſon mean nothing more 
than to amuſe himfelf and his friends with 
the experiments that have been made by 
others (and this is a method of amuſe- 
ment which J am far from diſcouraging) the 
machines he may purchaſe, ready conftrud- 
ed to his hands, will anſwer his purpoſe 
very well; and the directions which are uſual- 


him to perform the common experiments 
with tolerable certainty : and if 'any damage 
ſhould happen to his apparatus, a mathema- 
tical inſtrument-maker (if he happen to live 


in or near a large town) can readily repair it 


for him. But if a man propoſe to ftudy the | 
ſubject of electricity as a philoſopher, with | 
a view to extend the knowledge of it, the | 
aſſiſtance of others will not be fufficient for 
him. "46" MV | 

I 'ur common electrical machines, and the 
uſual electrical apparatus, will enable a per- 
jon to do little more than exhibit the com- 
mon experiments. If he propoſe to go far- 


mult often alter the conſtruction of his ma- 
men cannot execute any thing out of ther 


rections. Beſides, unleſs a perſon be for- 
tunately ſituated, workmen of every kind 


thing he may want in the mechanical way, 
whenever he may happen to get a hint of 4 
new experiment that requires it. N 

x 
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An electrician, therefore, ought never to 
be without the common tools of a ca- 
hinet- maker, clock, and watch=maker, at leaſt, 
and know, in ſome meaſure, . how to 'uſe 
them. With refpect to glaſs, he ought, by 
all means, to learn the uſe of a blow-pipe, 
the method of drawing out and bending 
plaſs tubes, and performing, with fome de- 
gree of dexterity, other operations upon glaſs, 
e which he will want to uſe in a great variety 
4 of forms. An electrician, thus furniſhed, 
will be able, upon any occaſion, to ſerve 
it himſelf: and the ſlowneſs and blunders of 
he mechanics do but ill ſuit with the ar- 
th dour of perſons engaged in philoſophical in- 
he quiries. - | 
for IT were much to be wiſhed, that phi- 
loſophers would attend more than they do 

he to the conſtruction of their own machines. 
er- We might then expect to ſee ſome real 
m- WF and capital improvements in them; where- 
as little can be expected from mere ma- 


he thematical inſtrument makers; who are 
na- ſeldom men of any ſcience, and whoſe ſole 
rk- aim is to make their goods elegant and 


portable, a 
FoRMERLY, indeed, philoſophers were 
obliged to conſtruct their own machines. 
Mr. Boyle, Mr. Haukſbee, and Dr. De- 
ſaguliers would have done nothing by giv- 
ing tradeſmen orders for what they, want⸗ 
ed. There were rio ſuch things to had. 
Neceſlity therefore drove them to the ſtudy 
| G 2 and 
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and practice of mechanics, and from thei 
contrivances are derived almoſt ' all the 
- philoſophical inſtruments which are now in 
uſe. 

EvERY original genius, like them, muſt, 
in this reſpect, follow their ſteps. He 
will extend his views beyond the power of 
the preſent machinery, which can only be 
adapted to the preſent ſtate of ſcience. And, 
I think, one principal reaſon of the im- 

ect ſtate of ſeveral branches of electri- 
cal knowledge with us, may be evidently 
traced to ſome general imperfections in the 
| Aructure of all our common machines in 
England ; which render ſeveral kinds of 
experiments very difficult, or almoſt impot- 
ſible to be made; as may be ſhown in the 
next part of the work, in which I ſhall treat 
at large of the conſtruction of machines, and 
give the beſt directions I am able for uſing 
them. 

LasTLY, if an electrician intend that the 
public ſhould be benefited by his labours, 
he ſhould, by all means, qualify himſelf 
to draw according to the rules of PERsPEC- 


- TIvE ; without which he will often be un- 


able to give an adequate idea of his expe- 
riments to others. There is ſo much beauty 
in the rules of this ingenious art, and ſo 
much pleaſure in the application of them, that 
I cannot help wondering, that all gentlemen 
of a liberal education do not take the ſmall 
degree of pains, that is neceſſary to make 
them- 
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themſelves maſters of it. All the mechanical 
methods of drawing, eſpecially where a great 
number of right lines are uſed, as in drawing 
machines, &c. are exceedingly imperfect, and 
inſufficient. They admit not of half the va- 
riety of perſpective drawings. They can hard- 
ly ever be near ſo correct; beſides that, 1 
know by experience, they take up much more 
time, and the operation is exceedingly laviſh 
and troubleſome, 
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Or THE conSTRUCTION or ELECTRICAL 

MACHINES, AnD THE PRINCIPAL 

PARTS OF AN ELECTRICAL APPA- 
RAT us. | 
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GENERAL OBSERVATION on THz con- 
STRUCTION OF AN ELECTRICAL APPA- 
RATUS, ; 


MPROVEMENTS in electrical machines 
have, as might well be expected, kept 
pace with improvements. in the ſcience of 
electricity. While nothing more than electri- 
cal attraction and repulſion were known, no- 
thing that we ſhould now call an ele&ricdl ap- 
paratus was neceſſary. Every thing that was 
known might be exhibited by means of a 
piece of amber, ſealing-wax, or glaſs; which 
the philoſopher rubbed againſt his coat, and 
preſented to bits of paper, feathers, and other 
light bodies that came in his way, and coſt 
him nothing. | ES 
| To give a greater degree of friction to 
electric ſubſtances Otto Guericke and Mr. 
Haukſbee 
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Haukſbee contrived to whirl ſulphur and glaſs 
in a ſpherical form; but their limited know-= 
ledge of electricity did not ſuggeſt, or require 
the more complex ſtructure of a modern elec- 
trical machine: Mr. Haukſbee's contrivances, 
indeed, were excellent, and the apparatus for 
many. of his experiments well adapted to 
the ,purpoſes for which they were in- 
tended. 

Wren no farther uſe could be made of 
globes, philoſophers had recourſe to the eaſter 
and cheaper apparatus of glaſs tubes, and 
ſticks of ſulphur or ſealing-wax ; and the firſt 
conductors they made uſe of were nothing 
more than hempen cords ſupported by filken” 
lines. To theſe, bars of metal were ſoon ſub- 
ſtituted. After that, recourſe was again had 
to the globe, as much more convenient to 
give an uniform ſupply of electric matter to 
theſe inſulated conductors ; and, in due timeg, 
a rubber was uſed to ſupply the place of a hu- 
man hand, | E * 

Tux diſcovery of the Leyden phial occa- 
honed ſtill more additions to our electrical ap- 
paratus; and the more modern diſcoveries of 
Dr. Franklin and others have likewiſe made 
proportionable additions highly requiſite. No 
philoſopher, for inftance, can now be ſatiſ- 
hed, if he be not able to fupply a conductor 
from the clouds, as well as from the friction 
of his glaſs globes or tubes. But having al- 
ready marked the progreſs of improvements 
in electrical machines, as well as in electrical 
leience, I ſhall content myſelf with this brief 

Sa recapi- 
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recapitulation, and proceed to deſcribe what 
experience (in many caſes dear bought) has 
taught me to think the beſt method of 
conſtructing machines, and to lay down 
the beſt rules for conducting electrical ope- 
rations. 

Norwirusraupixe globes or r cylinders 
are now of the moſt extenſive uſe in electri- 
cal experiments, GLASS TUBES are, neverthe- 
leſs, moſt convenient for ſeveral purpoſes, and 
no electrician ought to be without them. They 
ſhouid be made as long as a perſon can well 
draw through his hand at one ſtroke, which 
is about three feet, or ſomething more; and 
as wide as he can conveniently graſp. The 
thickneſs of the metal is not material, per- 
haps the thinner they are, the better, if they 
will bear ſufficient friction ; which, however, 
needs only to be very gentle, when the tube 
is in good order. It is moſt convenient to 
have the tube cloſed at one end: for, beſides 
that the electric matter is thereby retained beſt 
on its ſurface, the air may more eaſily be 
drawn out of it, or condenſed in it, by means 
of a braſs cap fitted to the open end. A tube 
thus furniſhed is requiſite for various experi- 
ments. [a. Pl. II.] 

Tux beſt rubber that has yet been found 


for a ſmooth glaſs tube is the rough ſide of 


black oiled ſilk, eſpecially when a. little 
amalgam of mercury and any metal, is put 
upon it. 

Ax electrician ſhould be furniſhed with 


rough glaſs tubes, i. e. tubes with their poliſh 
taken 
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taken off, as well as with ſmooth ones; but 
a cylinder 'of baked wood will do nearly as 
well. The beſt rubber for a rough glaſs tube, 
or a cylinder of baked wood, as well as for a 
ſtick of ſulphur or ſealing- wax, is ſoft new 
flannel; or rather ſkins, ſuch as hare. ſkins, 
or cat ſkins, tanned with the hair on, be- 
ing ſmoother, and having a more exquiſite 
polin. 

ELECTRICIANS are not quite agreed whe- 
ther the preference is, upon the whole, to be 
given to GLOBES Or CYLINDERE. In favour 
of cylinders it is ſaid, that more of their ſur- 
face may be touched by the rubber. On the 
other hand, in favour of globes, it is ſaid, 
that they can more eaſily be blown true, ſo 
as to preſs the rubber equally; they may alſo, 
be made larger in diameter, and by this 
means, the axis (if they have any) may be 
farther from the excited ſurface : for when 
the axes are near the ſurface, the electric fire 
will ſeem to ſtrike them, ſo that they will 
ſometimes appear luminous in the dark, and 
if they be inſulated, the extremities of the 
axes will give ſparks; which. is certainly 
a diminution of. the electric fire at the con- 
ductor. | 
Fok this reaſon, I would adviſe, that all 
axes be ayoided as much as poſſible, having 
found by experience, that they are in no caſe 


whatever neceſſary, the largeſt globes being 


whirled horizontally, with the greateſt eaſe, 
and in every reſpect to more advantage, with 
one neck than two. This method of fitting 


* 
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up globes alſo makes electrical machines 
much leſs complex, expenfive, and trouble- 
ſome. 

Ler every globe intended to be 5 fitted 
up have its neck incloſed in a pretty deep 
braſs cap, ending in a dilated brim, of about 
half an inch broad, if the globe be a large one. 
To this neck let there be fitted à ſhort iron 
axis, and on that a PULLEY; and let a ſpace 
of about three quarters of an inch of the axis 
be left between the pulley and the cap. In this 
place the axis is to be ſupported by a ſtrong 
BRASS ARM (c. Pl. VII.] proceeding from the 
pillar into which the extremity of the axis is 
put, and in which it turns. This brafs arm 
may be made to receive globes of any ſize 
whatever, room being left in it for pullies of 
any ſize that may be wanted for them. 

this manner globes may be fixed much 
more truly than they can with two necks, and 
they are mounted with much more eaſe, and 
leſs expence. The weight of large globes is 
no objection to this method. The largeſt. 
need not to weigh above eight or ten pounds, 
and theſe have been found to turn with great 
eaſe in this manner. The rubber, if it be 
placed under the globe, will contribute to ſup- 
port the weight of it. 

LET there be a hole made in the braſs cap 
above mentioned, in order to preſerve a com- 

munication between the external air, and the 
air within the globe: for if the air within the 
globe be either rarer or denſer than that with- 
out, the excitation is found to be leſſened in 
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proportion; and, judging from experienee, 
nothing 1s to be apprehended from any moiſ= 
ture which might be ſuppoſed to inſinuate 
itſelf into the globe by ſuch a communica- 
tion. A difference, however, might be found 
in a damp ſituation. 

IT will be found convenient to have the 
axis project about an inch beyond the pillar 
in which it turns, [as at d. Pl. VII.] clas a 
handle may be fitted to it, and that it may 
thereby be turned without a wheel, for the 
greater variety of experiments. ä 

Ir an axis be uſed, let both the extremities 
of it be carefully turned in a lathe; otherw¾iſe 
it will not turn without a very diſagreeable 
_ rattling; and let the part within the globe be 
made round, and ſmooth, or covered with 
ſome. electrie ſubſtance, to prevent its tak 
ing off much of the electric virtue of the 
globe. 

Ons of the pillars, in which theſe globes" 
or cylinders with two axes are turned, ſhould 
be moveable ; for then a globe or cylinder of 
any ſize may be uſed, and they ſhould be 
made high enough, and have holes at ſmall 
diſtances quite to the top, to take two' 
globes upon occaſion, one above the other. 
[Plate VII.] 

IT has not yet been determined by eleQri= 
cians what kind of glaſs is the fitteſt for elec- 
trical purpoſes, but the beſt flint is common 
ly uſed. I have not made ſo many experi- 
ments, as I could wiſh, to aſcertain this cir- 
cumſtance; as they are both very uncer- 
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tain and expenſive; but I have ſome reaſon to 
think that common bottle metal is fitteſt for 
tke purpoſe of excitation; at leaſt, the beſt 
globe I have yet ſeen is one that I have of that 
metal. Its virtue is certainly exceeding great, 
and J attribute it in part to the great hardneſs 
of the metal, and in part to its exquiſite po- 
lig. The blowing of any thing ſpherical in 
this metal, and eſpecially the making large 

globes ſmooth is very precarious; and they. 
can hardly be made with two necks. 

Tur globe above nientioned is about ten. 
inches in diameter, but nothing has been de- 
termined about the beſt ſize. I have uſed al- 
moſt every ſize, from three inches to near 
eighteen in diameter, without knowing what 
advice to give. Perhaps ceteris paribus, twelve 
arthirteen inches may be, upon the whole, as 
convenient as any; but much larger, if they 
could be whirled with the lame eaſe, __ 
Prodably's do: better. 
I a perſon chuſe to have no aſliſtint; but 
| would turn-the globe, and manage the Appa- 
ratus himſalf, (which is, on many accounts, 
very deſirable) it will be moſt convenient to 
have the axis: of the WIENL level with the 
table at which he ſits. But if he chuſe rather 
to ſtand all the time he is making his experi- 
ments, it ſhould be raiſed: proportionably 
higher, It will, perhaps, be moſt conveni- 
ent to make the diameter of the wheel about 
eighteen inches; and the diameter of the 
pullies ſhould be ſuch as will. give them, at 


* tour or five revolutions. for one of the 
wheel. 
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wheel. For the globe ſhould generally re- 
volve at leaſt four or five times in a ſecond, 
which is much ſwifter than it can well be 
turned without a wheel. But if a globe be 
very large, a wheel is leſs neceſſary. (ESE 

THe wheel ſhould be made moveable with 
reſpect to the frame in which the globes are 
hung, or the frame ſhould be moveable with 
reſpect to the wheel, to ſuit the alterations 
which the weather will make in the length of 
the ring, particularly if it be made of hemp; 
but worſted makes an excellent ſtring, and is 
not ſo apt to alter with the weather, and a 
leathern ſtrap is perhaps better than either, 
If the diſtance between the wheel and the 
pulley cannot be altered, the operator muſt 
occaſionally moiſten his hempen ſtring, in or- 
der to make it tighter, which is, on many ac- 
counts, very inconvenient. Several grooves 
in the ſame wheel are very uſeful, and almoſt 
neceſſary, if more than one globe be uſed at 
the ſame time. If a flat leathern ſtrap be not 
uſed they ſhould be cut ſharp at the bottom; 
as ſhould alſo the grooves in the pulleys, 
that the ſtring may lay faſter hold of them, 
and that ſtrings of different ſizes may be 
uſed, | 

THe beſt RUBBERs for globes or cylinders 
are made of red baſil ſkins, particularly the 
neck part of them, where the grain is more 
open, and the ſurface rather rough. That 
the rubber may preſs the globe equally, it 


ſhould be put upon a plate of metal bent to 


the ſhape of the globe, and be ſtuffed with 
, | 7 oy" 
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any thing that is pretty ſoft. Bran is good; 
and if the ſtuffing be a conductor, as flax, it 
will be better than if it be a non- conductor, as 
hair, or wool. It ſhould reſt upon a ſpring, 
to favour any inequality there may be in the 
form of the globe or cylinder. The beſt po- 
ſition of the rubber, for a variety of purpoſes, 
18 an horizontal one, but it ſhould be capable 
of being placed in every variety of horizontal 
polition ; and the ſpring which ſupports the 
rubber ſhould-be made to preſs more or leſs at 
pleaſure. The rubber ſhould be made nearly 
as large one way as the other. If it be made 
very narrow, ſome parts of the globe will paſs 
it without a ſufficient friction. To remedy 
that inconvenience, the hand (if it be dry) 
may be held to the globe, juſt before the rub- 
ber, to add to its breadth ; but that poſture is 


very inconvenient, 


IT is adviſable that there be no ſharp edges 
' or angles about the rubber, for that would 
make the inſulation of it (which is a matter of 
great conſequence) ineffectual. By the inſu- 
lation of the rubber every electrical experiment 
may be performed with the twofold variety of 
poſitive and negative, and a conductor be 
made to give or take fire at pleaſure. This 
inſulation is beſt made by a plate of glaſs, 
five or ſix inches in diameter, [g. Pl. VII.] 
interpoſed between the metallic part of the 
rubber and the ſteel ſpring that ſupports it. 
When poſitive electricity is intended to be pro- 
duced, a chain [z. Pl. VII.] muſt connect the 
rubber with the floor; but when 3 
| elec- 
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electricity is wanted, the chain muſt be re- 
moved, and hung upon the common conduc- | 
tor, while another prime conductor muſt be 
conneQed with the rubber ; which will there- 
fore be electrified negatively. 

Tux beſt method of collecting the electric 
fire from the globe ſeems to be by three or 
four pointed wires, [n. Pl. VII. ] two or three 
inches long, hanging lightly upon the globe; 
and neither, ſo light as to be thrown off the 
globe by electrical repulſion {which would oc- 
caſion a loſs of the eleQric matter) nor ſo 
heavy as to prevent their ſeparating to a pro- 
per diſtance, and being drawn backwards or 
forwards, as the moſt effectual diſcharge of 
the fire, accumulated on different parts of the 
globe, may require. For this purpoſe they 
are beſt ſuſpended on an open metallic 
ring. Needles-with fine points do admirably 
well. 

IT is requiſite, for a variety of uſes, that 
the PRIME CONDUCTOR be fixed very ſteady. 
It .ought not, therefore, to hang in filken 
ſtrings, but have a ſolid ſupport. In a dry 
ſituation baked wood anſwers very well; but 
a hollow pillar of glaſs lined with ſealing- 
wax is better, as it doth not require. ſo much 

attention. 

Fox common purpoſes a ſmall conductor is 
moſt convenient, but where a ſtrong ſpark is 
wanted, it is proper to have a large conductor 
at hand, which may occaſionally be placed in 
contact with the ſmaller, and be removed from 
it at pleaſure, But whatever be the ſize of a 


prime 
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mould be made mich larger and rounder than 
the reſt : [4 Pl. VII.] for the effort of the elec- 
tric matter to fly off is always the greateſt at 
the greateſt diſtance from the globe. But for 
the ſame reaſon, if a /ong ſpark be wanted, the 
large conductor ſhould terminate in à ſmaller 
knob, or an obtuſe edge, at which the ſparks 


ſhould be ſolicited. Experience only can in- 


ſtruct a perſon what ſize of a knob, or what 
thickneſs of an edge is the beſt for the pur- 
poſe. In this reſpect, the effects are often 
very different in the ſame apparatus, when 
the difference in the circumſtances is imper- 
ceptible. 

As the electrician will have frequent occa- 
ſion to inſulate various bodies, I would ad- 
viſe that he make all the ſtands and ſtools 
which he uſes for that purpoſe of glaſs tubes 
lined with ſealing-wax, though in a dry ſitua- 
tion; baked wood, eſpecially when covered 
with a ſlight varniſh, will do very well. 

Tux electrician, having thus conſtructed his 
machine, will want METALLIC RODS, .. 


Pl. II.] to take ſparks from his conductor for 


various uſes, Theſe ſhould have knobs, 


larger or ſmaller in proportion to the curva- 
ture of the conduftor. If the knob be too 
ſmall, it will. not diſcharge the conductor at 


once, but by degrees, and with a leſs ſenſible. 


effect; whereas the ſpark between broad ſur- 
faces is thick and ſtrong. 
| Fe? Tur 
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Tux more formidable part of an electrical 
apparatus conſiſts in the coaTED GLASS, that 
is uſed for: the Leyden experiment. The 
form of the plate is immaterial with reſpect 
to the ſhock ; and, for different experiments, 
both plates of glaſs, and jars, of various 
forms and fizes, muſt be uſed. For common 
uſes, the moſt commodious form is that of a a2 
jar, as wide as a perſon can conveniently hold 
by graſping, and as tall as it will ſtand with- 
out any danger of falling; perhaps about 
three inches and a half in diameter, and eight 
inches in height. The mouth ſhould be pretty 
open, that it may be the more conveniently 
coated on the inſide, as well as the outſide; 
with tinfoil: but it will generally be moſt 
convenient to have the mouth narrower than 
the belly; for then it may be more eaſily 
kept clean and dry, and the cork, when one 
is wanted, will be eaſier to manage. But no 
electrician would chuſe to be without a great 
number of jars of various ſizes and forms. A 
conſiderable variety may be ſeen in plate II. 
hg, c, 4, e, f, g, h, i, j, k. The form of a 
coated plate of glaſs is repreſented at &, in the 
lame plate, | 

Taz method of coating is much preferable 
to that of putting water or braſs ſhavings into 
the jars, which both makes them very heavy, 
and likewiſe incapable of being inverted, which 
is requiſite in many experiments. Braſs duſt, 
however, or leaden ſhot is very convenient for 
{mall phials. Theſe ſerve very well where it 
is neceſſary to remove the coating as ſoon as 

Vor, II. +. 4.0. 3 | the 
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the jar is charged, but, for this purpoſe, 
quickſilver will generally anſwer the bet. 
The tinfoil may be put on either with paſte, 
gum water, or bees wax. To coat the inſides 
of veſſels, which have narrow mouths, moiſ- 
ten the inſide with gum water, and then pour 
ſome braſs duſt upon it. Enough will ſtick 
on to make an exceedingly good coating; and 
if nothing very hard rub againſt it, it wil 
not eaſily come off. This braſs duſt, which 
is extremely uſeful in a great variety of elec- 
trical experiments, may be had at the pin- 
makers. IT ng eY £2, Ko 
In the conſtruction of an '£LECTRICAL 
BATTERY I would not, in general, recom- 
mend very large jars. A number of ſmaller 
are preferable on ſeveral accounts. H one af 
theſe break by an exploſion, or be cracked by 
any accident, the lots is leſs conſiderable ; be- 
tides, by means of narrow jars, a. greater 
force (that is a greater quantity of coated ſur- 
face) may be contained in leſs room; and, 2 
narrow jars may be made thinner, they wil 
be capable of being charged higher in propor- 
tion to their furface than large jars, which 
muſt neceſſarily be made thick. The largel 
jars that the glaſs-men can conveniently make 
are about ſeventeen inches in height; and they 
ſhould not be more than three in diametei 
and of the ſame width throughout. Thu 
they may be ealily coated both within an 
without, and a box of a moderate ſize vil 
contain a prodigious force: for the jars be- 
ing coated within two inches of the A 
; | they 
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they will contain a ſquare foot of coated glaſs 


u piece. | % 
Tus firſt battery that I conſtructed for my 


own uſe, conſiſted of forty-one jars of this 
ſize; but a great number of them burſt- 


ing by ſpoataneous diſcharges; I conſtructed 


another, which I much prefer to it, and of 
which a drawing is given Plate III. It conſiſts 
of fixty-four jars, each ten inches long, and 
two inches and a half in diameter, coated 
within an inch and a half of the top. The. 
coated part of each is half a ſquare foot; ſo 
that the whole battery contains thirty-two 
ſquare feet. The wire of each jar has a 
piece of very ſmall wire twiſted about the 
lower end of it, to touch the inſide coating in 
ſevetal places; and it is put through a pretty 
large piece of cork, within the jar, to prevent 

any part of it touching the ſide, which 

would tend to promote a ſpontaneous. diſ- | 
charge, Each wire is turned found, ſo as to 
make a hole at the upper end; and through 
theſe holes a pretty thick braſs rod with knobs 
is put, one rod ſerving for one row of the 

ns, Is | 
Tur communication between theſe rods is 
made by laying over them all a thick chain, 
which is not drawn in the plate, leſt the figure 
ſhould appear too confuſed. If- I -chuſe to 
uſe only part of the battety, I lay the chain 
Over as many rods as. I want rows of jars. The 
bottom of the box, in which all the jars ſtand, 
is covered with a plate of tin, and a bent wire, 
touching this plate, is put through the 
| H -2 | box, 
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box, and appears on the outſide, as in the 


plate. To this wire is faſtened whatever is 
intended to communicate with the outſide of 


the battery, as the piece of ſmall wire in the 


figure, and the diſcharge is made by bring- 
ing the braſs knob to any of the knobs of the 
battery. 

Tais is the battery which'I have generally 
uſed in the experiments related in the laſt 
part of this work; though, when I have 
wanted a very great force, I have joined both 
the batteries, and even ſeveral large jars to 
them. And it will perhaps be allowed to be 
ſome evidence of the goodneſs of this con- 
ſtruction, that after uſing it ſo much, I ſee no 
no reaſon to wiſh the leaſt alteration in any 
7 pert of it. Were I to conſtruct another, bat- 


TI ſhould take jars of the very ſame. 


fle, and diſpoſe of mem in the very fame 
manner. 

To diſcover the kind and degree of electri- 
city, many forms of ELECTROMETERS have 
been thought of, as the reader may have per- 
ceived in the courſe of the hiſtory; but this 
| buſineſs is ſtill imperfect. Mr. Canton's balls 
are of excellent uſe both to diſcover ſmall de- 

recs of electricity, to obſerve the changes of 
it from poſitve to negative, and vice verſa; 
and to eſtimate the force of a ſhock be- 
fore the diſcharge, ſo that the operator ſhall 
always be able to tell, very nearly, how high 
he has charged his jars, and what the ex- 
ploſion will be whenever he cauſes to make 


it. 
| Ms. 


oO © 


an ELECTRICAL APPARATUS. 101 
Ma. CanTon's BALLs (repreſented on 2 
glaſs ſtanding on the ſtool [e Plate II. ] are on- 


ly two pieces of cork, or pith of elder, nicely 


turned in a lathe, to about the ſize of a ſmall 
pea, and ſuſpended on fine linen threads. It 
is convenient to have theſe in ſmall boxes for 
the pocket; the box being the full length of 
the ſtrings, that they may he there without 
being bent. e 
M. KINVNERSLIEV's electrometer, deſerib- 
ed vol. i. p 255, is uſeful to aſcertain how great 
ſhocks have been, and for many curious ex- 
eriments in electricity. A drawing is given 
of it [7, Plate II.] but the glaſs tube is repre- 
ſented as much ſhorter than it was made by 
Mr. Kinnerſley. I think it in general more 
convenient; as the bore of the ſmall tube may 
eaſily be proportioned to it. But if a perfon 
get one long tube, of the ſame ſize through» . 
out, it max be cut into different lengths, 
= the ſame braſs caps will fit any part 
it. | 
AT the top of the ſtand of baked wood 
which ſupports Mr. Kinnerſley's electrometer, 
[ have fixed another, contrived by Mr. Lane, 
to give a number of ſhocks, all of preciſely . - 
the ſame degree of ſtrength. It conſiſts of a 
braſs rod furniſhed with a knob, which, by 
means of a fine ſcrew, may be fixed at any 
diſtance from the prime conductor, or any 
other fixed body communicating with the in- 
hde of a jar or battery. In conſequence of 
this, the jar or battery, with which it is con- 
nected, can be charged no higher than the 
CCC diſtance 
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diſtance at which thoſe fixed bodies are plac- 
ed will permit; for at that height of the 


charge, the exploſion will always be' made 
between them. See Mr Lane's more par- 


ticular deſcription of this uſeful inſtru- 


ment 

To che account of cke ſe articles of an elec- 
trical apparatus, which muſt be uſed within 
doors, it will not be wholly inſignificant to 
add, that a ſtrong firm table is highly re 

quiſite. For if the TABLE on which the IS 
ratus is diſpoſed be apt to ſhake, a great num- 
ber of experiments cannot be performed ta 
advantage. 

Ix order to repeat the noble experiment of 
the ſameneſs of the electric fluid with the 
matter of lightning, and to make farther ob- 
ſervations on the electricity of the atmo- 
ſphere, the electrician muſt be provided with 
a MACHINE FOR DRAWING. ELECTRICITY 
- EROM THE CLOUDs, For the beſt conſtruc- 
tion of ſuch a machine, take the following 
directions. On the top of any building 
(which will be the more convenient if it ſtand 
upon an eminence) erect a pole [a fig. 2. Pl. 
I.] as tall as a man can well manage, having 
on the top of it a ſolid piece of glaſs or,baked 
wood, a foot in length. Let this be covered 
with a tin or copper veſſel [5] in the form of 
a funnel, to prevent its ever being wetted. 
Above this let there riſe a long ſlender rod [c] 
85 terminating in a pointed wire, and having 4 
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ſmall wire twiſted round its whole length, to 
conduct the electricity the better to the fun- 
nel. From the funnel make a wire [d] de- 
ſcend along the building, about a foot diſ- 
tance from it, and be conducted through an 
open ſaſh, into any room which ſhall be moſt. 
convenient for managing the experiments. In 
this room let a proper conductor be inſulated, 
and connected with the wire coming in at the 
window. This wire and conductor, being 
completely inſulated, will be electrified when- 
ever there is a eonſiderable quantity of elec- 
tricity in the air; and notice will be given 
when it 1s properly charged, either by Mr. 
Canton's balls, hung to it, or by ſuch a ſet of 
bells as will be deſcribed hereafter. 

To make theſe experiments in kk 


ſafety, the electrified wire ſhould be brought 


within a fggv inches of a conducting rod, that 
ſerves pre houſe, that the redundant 

electricity may paſs off that way, without 
ſtriking any perſon that may happen to ſtand 
near it. The conductor to guard the houſe 
ſhould conſiſt of one rod, between one fourth 
and one half of an inch thick, if it be of iron, 
but ſmaller if it be braſs or copper, termi- 
nating upwards in a ſharp point, about four 
or five feet above the higheſt part of the 
building; and below it ſhould, if poſſible, 
be continued to ſome well or running water. 
Otherwiſe it ſhould be ſunk ſeveral feet into 
the ground, at the diſtance of ſome yards 
from the building. It is of no conſequence 
whether this conducting ro. be faſtened on 
H 4 the 
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the inſide, or outſide of the houſe, or how _—_y 

ndings are made in it. 

Ir the electrician — of akin ex- 
periments upon the electricity of the atmo- 
ſphere to greater exactneſs, he muſt raiſe a 
kite, by means of a ſtring in which a ſmall 
wire is twiſted. The extremity of this line 
muſt be ſilk, and the wire muſt terminate in 
ſome metallic conductor, of ſuch à form as 
ſhall be thought moſt convenient, . Mr. Ro- 
mas's experiment will perhaps convince my 
reader, that it may be dangerous to raiſe this 
kite at the approach of a thunder ſtorm; and 
upon this occaſion the common apparatus 
above deſcribed for drawing electricity from 
the clouds will, probably, anſwer this purpoſe 
well enough. 

Bur, with the following apparatus, [ 
ſhould apprehend no great danger in any 
thunder ſtorm. Let the ſtring of the kite 
la fig. 3. Pl. I. be wound upon a reel [5] go- 
ing through a ſlit in a flat board, faſtened at 
the top of it; by which more or leſs of the 
ſtring may be let out at pleaſure. Let the reel 
be fixed to the top of a tin or copper funnel [c] 
| ſuch as was deſcribed above; and from the 
funnel let a metallic rod [4] with a large knob 
be projected, to ſerve for a conductor. This 
funnel and reel muſt be ſupported by a ſtaff (. 
the upper end of which, at leaſt, muſt be well 
baked; and the lower end may be-made ſharp, 
to thruſt into the ground, when the kite 1s 
wel raiſed. 


Tur 
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Tus ſafety of this apparatus depends upon 


the chain [/] faſtened to the ſtaff, by a hook 
a little below the funnel, and dragging on the 


ground: for the redundant lightning will 
ſtrike from the funnel to the chain, and ſo be 
conducted as far as any one chuſes, without 
touching the perſon who holds the ſtaff. - 
SPARKS may be taken from the conductor 
belonging to this apparatus with all ſafety, by 


means of a ſmall rod of baked wood [| a fig. 4] 


furniſhed with a ſmall funnel [5] and a br 
rod c] and a chain connected with: for the 
lightning which ſtrikes the rod, will paſs by 
the funnel.and the chain, without touching 
the perſon who holds the rod. 

Ma. HARTMAN, in the conſtruction of his 
apparatus for obſerving the electricity of the 
atmoſphere with ſafety, makes uſe of long 
ſilken ſtrings to ſupport his metallic rod. 
Theſe, therefore, require a large ſhed, faſten= 
ed to the rod above them, to keep them dry. 
And, leſt the rain that falls upon this ſhed 
ſhould carry off all the electricity, he makes a 


channel all round, which receives the rain; 


and thence he conveys it, under the ſhed, into 
an inſulated receptacle. But I cannot help 
thinking this complex apparatus unneceſſary, 
eſpecially if a ſolid ſtick of glaſs and a ſmall 


cover be uſed, inſtead of the filken ſtrings and 


large ſhed. 
Anmerkungen, &c, p. 38. | 
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A DESCRIPTION of soME PARTICULAR 
ELECTRICAL MACHINES, wir n 08- 
 SERVATIONS ON THEIR PRINCIPAL Ad- 
 VANTAGES AND DEFECTS, 


FTER this mba account of the 
conſtruction of electrical machines, and 
the principal parts of an electrical apparatus, 
my reader may perhaps expect a more parti- 
cular account of fome of the principal varieties 
with which they are uſually made. And 
though it may be preſumed, from what has 
been advanced upon that head, that any per- 
Fon might judge for himſelf, I ſhall endeav- 
our to gratify thoſe who are willing to pro- 
vide themſelves with an electrical machine, 
by giving drawings and deſeriptions of ſome 


bodf the beſt conſtructions that have fallen under 


my notice, obſerving what I apprehend to be 
their ſeveral advantages and defects. 

F snALL begin with Mr. Haukſbee's ma- 
chine [Plate IV. fig. 1.] which is an excellent 
conſtruction confidering the ſtate of electricity 
in his time. The drawings annexed will ren- 
der a very particular deſcription of this, or 
the other machine, unneceſſary. This has no 
rubber, no prime conductor, or field for mak- 
ing experiments; for no ſuch things were want- 
ed in his time: but it may be eaſily accom- 
| modated 
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modated with them all. A conductor may 
hang from the cieling, a rubber may be ſup- 
ported by a fpring fixed under the globe, and 
a table placed near the machine, may receive 
the apparatus neceſſary for making experi- 
ments. The inconveniencies of this conſtruc- 
tion are, that the operator cannot well turn 
the wheel himſelf. A fervant is therefore ne- 
ceſſary, who muſt fit to his work. The ma- 
chine only admits of one globe, or cylinder, 
which muſt have two necks ; though it admits 
of a conſiderable variety of ſuch, and it is by 
no means portable. 

Tue Abbe Nollet's machine [Plate IV. fig. 
2.] reſembles the greateſt number of the elec- 
trical machines that were uſed about the time 
that the Leyden phial was diſcovered. Theſe 
were the machines, heavy and unweildy as |, 
they ſeem, that were generally carried from 
place to place, when electrical experiments 
made a gainful buſineſs, and would” bear the 
expence of the conveyance. 

IN thoſe early times, electricians had no 
| Idea, that it 'was poſſible to make the globe 
revolve too ſwiftly, They, therefore, made 
their wheels exceedingly large, and the frame 
of the machine proportionably ſtrong. The 
globe was generally rubbed by the hand, the 
conduQtor was a bar of iron, or generaliy a 
gun barrel, ſuſpended in ſilken lines from the 
top of the room, and the apparatus was diſ- 
poſed on an adjoining table. 

Tursk machines are now univerſally laid 
aſide, being more fit for a large laboratory 

: OY than 


108 A DESCRIPTION or” 


than a private ſtudy. Beſides, they neceſ- 
| farily require an affiſtant, and do not ad- 

mit of half the variety in the diſpoſition 
of the principal parts of. the conſtruction, 
which the variety of experiments now de- 
' mands, 
Az Or the time that Mr. Boze's beatifica- 

tion was talked of, electricians were very de- 
ſirous of exciting a very great power of elec- 
tricity; though, having no method of accu- 
mulating, or preſerving it, it was diſperſed as 
ſoon as raiſed. The machine repreſented in 
Plate V. fig. 1. was a contrivance of Dr. Wat- 
fon's, to whirl four large globes at a time, and 
unite the power of them all. 

IT cannoT help regretting that no. ſuch 
machines as theſe are conſtructed at this day, 


when, by means of electrical batteries, ſo 


great a power might be preſerved, and em- 
ployed to the greateſt purpoſes. I wiſh the 
Doctor would refit the machine here deſcribed, 
if it be yet in being, and conſtruct a battery 
- proportioned to it. But I ſhould rejoice 
more to ſee a machine moving by wind or 
water, turning twenty or thirty. globes, and 
charging electrical batteries adequate to them. 
I make no doubt but that a full charge of two 
or three thouſand ſquare fect of coated glaſs 
would give a ſhock as great as a fingle com- 
mon flaſh of lightning. They are not philo- 
ſophers who will ſay, that nothing could be 
gained, and no new diſcoveries made by ſuch 
a power. 


PLATE 
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PrarxR V. fig. 2. exhibits a machine which 
Mr. Wilſon cenſtructed, about the time 
above menticned. It is much more commo- 
dious than any that had been contrived before, 
as all the parts are brought within a moderate 
compaſs; ſo that the ſame perſon may 
turn the wheel, and conduct the experi- 
ments. 

Irs inconveniences are, that it admits but 
little variety of globes or cylinders, and both 
theſe and the rubber are not ſufficiently diſ- 
tant from other bodies. The rubber is not 
inſulated, and the conductor is unſteady. This 
machine has a frame ſtanding upon the ground, 


but the general conſtruction may be preſerved, 


and the machine be made to ſcrew to- a table. 
Some I have ſeen which, by this means, 
were made very portable; and a box was 
contrived in the inſide, : to contain the ap- 
paratus. 

Or the more "ada confiriions: (of | 
which there is an endleſs variety) the more 
elegant are thoſe in which the globe is turned 
by tooth and pinion, This reduces the wheel 
work, contained in the box [a Pl. VI. fig. 1.] 
to an exceedingly ſmall compaſs, and gives 
the workmen an opportunity of making the 
machine all in braſs, very elegant, and port- 
able. But I object to them, as liable to acci- 
dents, which electricians in general cannot 
eaſily repair; and I would wiſh philoſophers. 
to be as independent as poſſible of all work- 
men, The conductor belonging to machines 
of this conſtruction is generally hung in ſilk, 

hn Lupported 
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wg ſupported either by wooden pillars in a frame, 

as in the figure annexed, or by. two braſs . 
extending from the machine. 

Tursx machines are certainly very com- 
modious for ſcrewing to a table. They re- 
quire no aſſiſtant, and they admit of the ex- 
periments being made in a ſitting poſture; 
which is a great recommendation of a ma- 
chine, to thoſe perſons who chuſe to do 
things with little trouble, and who are fond of 
a ſtudious ſedentary life. This conſtruction 
admits of very little variety in the ſize or 
number of globes, and hardly of a glaſs veſ- 
ſel of any other form. But the greateſt in- 
12 attending it, is the upright po- 

tion of the globe and rubber, whereby every 
thing put upon it ĩs apt to ſlip down; and the 
rubber is not inſulated. 

Ix the machine repreſented in Plate VI. 
7 2. and which was invented by Mr. Read, 
mathematical inſtrument maker at the quad- 
Tant in Knightſbridge, Hyde-park, a cylin- 
der ſtands perpendicular to the horizon, ſup- 

ted by a braſs bow, which receives the 
upper end of the axis; and motion 1s given 
to it by means of a pulley at the lower end 
of the axis, and a wheel which hes parallel 
to the table. The conductor [a] is furniſhed 
with points to collect the fire, and it is ſcrew- 
ed to the wire of a coated jar [5], ſtanding 
in a ſocket, between the cylinder and the 
-wheel. One machine of this kind I have ſeen, 
in which the cylinder and the wheel were not 
GL by the conductor. wy 
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Tas conſtruction is peculiarly uſeful to 
hyſicians and apothecaries; and, with Mer. 
Lone 's eletrometer (c] annexed to it (che 


figure of which- he has given me leave to in- 
ſert in the drawing annexed, taken from his 


own machine) as many ſhocks as are requilite 
may be giyen, of preciſely the ſame, and any 
degree of force, without any change of poſ- 
ture, either in the patient or the operator, 
who has nothing to do but turn the wheel, 
without ſo much as wann any other part 
of the apparatus. 


Wuzn this machine is uſed for ümple elec 
trification, and other purpoſes where the ſhock 


is not required; the coated jar muſt be taken 
away, and another jar, without -any coating, 
put in its place, By this means the conduc- 


tor is fixed, which is a very great advantage, 


and which few machines are poſſeſſed of. But 
theſe machines, beſides that they admit no 


variety of globes” or cylinders, and no in- 


{ulation of the rubber, require a motion 


of the arm, which I ſhould think not quite 


eaſy. 
Tux i ingenious Dr. Ingenhoult of Vienna, 


and alſo Mr. Ramſden, mathematical inſtru- 
ment maker in the Haymarket, each inde- 
pendent of the other, conſtrued a machine 
in which friction is not given to any kind of 
hollow glaſs veſſel whatever; but to a circu- 
lar plate of glaſs, generally about nine inches 
in diameter. This plate turns vertically, and 
rubs againſt four cuſhions, each an inch and 


a half long, placed at tae oppolite ends of 


the 


— 
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the vertical diameter. The conductor is'a 


braſs tube, has two horizontal branches' com- 


ing from it, Teaching within about half an 
inch of the extremity of the glaſs, ſo that 
each branch takes off the electricity excited by 
two of the euſhions. 

Tuis conſtruction is original ænd ingeni- 
ous, but the cuſhions cannot eaſily be in- 
ſulated, and a plate of glaſs is much more 
liable to injuries than a globe, or even a 
cylinder. | 
Mx. WesLzv's people, 1 believe, gene- 
rally uſe a machine in which two cylinders 


are turned by the ſame wheel: but one that 
I ſaw, in the poſſeſſion of a very intelligent 


perſon of that perſuaſion, had the cylinders 
and rubbers ſo confined in a cheſt, that, though 
it might do very well for medical uſes, it 
was very ill adapted to the N of 
philoſophy. 


Bor the machine which I would adviſe a 


philoſopher to conſtruct for his own uſe, is 


that of which a drawing is given, Plate VII. . 


This conſtruction is the reſult of my beſt at- 
tention to this ſubje&. I have uſed it above 
fix months (how much I leave the reader to 
imagine) without ſeeing the leaſt reaſon to 
make any alteration of conſequence in it; 
and believe it to have almoſt all the advan- 
tages, which an electrical machine deſigned 
for the cloſet can have. The reader will, 
therefore, allow me to be a little longer in the 


deſcription — it chan I have been of the reſt. 
Tre 
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Tue FRAME conſiſts of two ſtrong boards 
of mahogany [a 4] of the ſame length, pa- 
rallel to one another, about four inches aſun- 
der; and the lower an inch on each fide 
broader than' the upper. In the upper board 
is a groove, reaching almoſt its whole length. 
One of the pillars [5], which are of baked 
wood, is immoveable, being let through the 
upper board, and firmly fixed in the lower, 
while the other pillar ſlides in the groove 
above mentioned, in drder to receive globes 
or cylinders of different ſizes; but it is only 
wanted when an axis is uſed. Both the pil- 
lars are perforated with holes at equal diſtances, 
from the top to the bottom; by means of 
$ which globes may be mounted higher or lower 
according to their fize; and they are tall, to 
admit the uſe of two or more globes at a time, 
one above the other. Four of a moderate ſize 
may be uſed, if two be fixed on one axis: 
and the wheel has ſeveral grooves for that 
purpoſe. 

Ir a globe with only one neck be uſed, as 
in the plate, a BRASS ARM with an open 
locket [c] is neceſſary to ſupport the axis be- 
yond the pulley ; and this part is alſo con- 
trived to be put-higher or lower, together 
with the-braſs ſocket.in which the axis turns, 
The axis [4] is made to come quite through 
the pillar, that it may be turned by another 
handle, without the wheel, if the operator 
chuſes. The frame, being ſcrewed: to the 


table, may be placed nearer to, or farther 
Vor. IL ] from 
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from the wheel, as the length of the ſtring 
requires, in different ſtates of the weather, 
The wHEEL is fixed in a frame by itſelf; [e] 
by which it may have any fituation with re- 
ſpect to the pulley, and be turned to one fide, 
ſo as to prevent to the ſtring from cutting it- 
ſelf. The hinder part of this frame is ſupport- 
ed by a foot of its own. 

THE RUBBER | f ] conſiſts of a hollow piece 
of copper, filled with horſe hair, and cover- 
ed with a baſil ſkin. It is ſupported by 
focket, which receives the cylindrical axis of 
a round plate of glaſs Ig, the oppoſite part of 
which is inſerted into the ſocket of a bent ſteel 
. fpring [I]. Theſe parts are eafily ſeparated, 
fo that the rubber, or the plate ,of glaſs that 
ſerves to inſulate it, may be changed at plea- 
ſure, The spRIxO admits of a twofold alter- 
ation of poſition. It may be either ſlipped t 
along the groove, or moved in the contrary 
direction, ſo as to give it every deſirable poſi- 
tion with reſpect to the globe or cylinder; and 
it is, beſides, furniſhed with a crew [i, whick u 


makes it preſs Er or lighter, as the opera- de 

tor chuſes. ty 
Tur PRIME ConDUCToOR [#] is a hollon WF” 
veſſel of poliſhed copper, in the form of: * 

a 


pear, ſupported by a pillar, and a firm baſis 
of baked wood, and it receives its fire by ele 


means of a lng arched wire, or rod of vel uſe 
Jof t br aſs [1], eaſily bent into any ſhape, and ſure 
raiſed higher or lower, as the globe requires; tim 
and it is terminated 2 an open ring, it the 
which che 
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which are hung ſome ſharp pointed wires Im] 
playing lightly on the globe when it is in mo- 
tion. The body of the conductor is furniſh- 
ed with holes, for the inſertion of metallic 
rads, to convey the fire wherever it is wants 
ed, and for many other purpoſes convenient 
in a courſe of electrical experiments. The 
conductor is, by this means, ſteady, and yet 
may be eaſily put into any ſituation. It 
collects the fire perfectly well, and (what 
is of the greateſt conſequence, though but 
little attended to) retains it equally every 
where. . | | ay | 

Wren poſitive electricity is wanted, 4 
wire; or chain, as is repreſented in the plate 
a] connects the rubber with the table or the 
floor. When negative electricity is wanted, 
that wire is connected with another conductor 
ſuch as that repreſented [r, Pl. II.] while the 
conductor in Plate VII. is connected by an- 
other wire or chain, with the table. If the 
tubber be made tolerably ffee from points, the 
negative power will be as ſtrong as the poſi- 
tive. In this machine 1 do not know which 
is the ſtronger of the two. 

Iv ſhort, the capital advantages of this 
machine are, that glaſs veſſels, of any other 
cleric body, of any ſize or fotm, may be 
uſed, with one neck, or two necks at plea- 
ſure; and even ſeveral of them at the ſame 
time, if required. All the eſſential parts of 
the machine, the g/obe, the frame, the wheel, 
the rubber, and conductor, are quite ſeparate ; 


and the poſition of them to one another may 
I 2 | be 
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be varied in every, manner poſſible. The 
rubber has a complete inſulation,” by which 
means the operator may command either the 
negative or the poſitive power, and may 
change them in an inſtant. The conductor 
is ſteady, and eaſily enlarged, by rods inſert- 
ed into the holes, with which it is furniſhed, 
or by the conjunction of other conductors, in 
order to give larger ſparks, &c. The wheel 
may be uſed or not at pleaſure; ſo that the 
operator may either fit, or ſtand to his 
work, as he pleaſes; and he may, with the 
utmoſt eaſe, both manage the wheel and his 

apparatus. | 
THe machine repreſented in [Pl. VIII.] is 
conſtructed on the ſame general principles 
with the laſt. It is inferior to it in one re- 
ſpect, that it admits only of globes or cylin- 
ders with one neck, but theſe are far prefer- 
able to any other; and it is much more com- 
modious for uſe, as it doth not require an) 
ſtrong table like the other. It conſiſts of a 
pillar of mahogany [a] ſtanding upright on 
three feet. This pillar divides in two places, to 
receive a wheel [4] in the lower part of it, and 
in the upper part a pulley ſc which is turn- 
ed by a leathern ſtrap [a] tightened by means 
of a ſmall buckle. In the center of the pulley 
is a ſtrong iron ſpindle, turning in two firm 
braſs ſockets, faſtened to each ſide of the 
pillar. In one of theſe ſockets the extremi- 
ty of the ſpindle turns upon a center, by means 
of a piece of iron ſe] ſcrewed into it, while th 
other is held tight by a braſs claſp, which 
1 may 
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may be made to hold it cloſer, or more looſe- 
ly, at pleaſure, by means of a ſcrew [V]. 
The iron ſpindle terminates in a male ſcrew, 
anſwering to a female ſcrew in the braſs cap of 
the globe [g]; and by this means any globe 
may be taken out, and another put into 
the machine with very little trouble, if 
theſe: parts be always made to the ſame 
pattern. | | | 

THE RUBBER Al is ſeparated from the ſpring 
i] by a plate of glaſs [/], which effectually 
inſulates it; but the chain [4] connects them 
together when poſitive electricity is wanted, 
as in the uſual method of electrifying The 
ſpring may be made to preſs more or leſs, by 
means of a ſcrew [/]; and it may be raiſed 
higher or lower, to ſuit globes of different 
ſizes, hy means of a contrivance which is not 
repreſented in the plate. 22 

THE PRIME CONDUCTOR , 7, o, is the 
ſame as in Pl. VII. From the ſame board 
which ſupports it, ariſes another pillar, at 
the top of which is Mr. Lane's electrometer; 
the knob of which [y] may be placed as near 
to the knob oppoſite to it on the prime con- 
ductor [y] as is defired, by means of the gra- 
duated part [7]. But the whole of this may be 
taken away when it is not wanted. "NT 

Waen negative electricity is deſired, the 
chain [4] muſt be removed from the rubber, 
and hung upon the prime conductor, ſo as to 
connect it with the table; and a ſhort braſs, 
rod, with a knob at the end of it, muſt be 


ſerewed into a ſmall ſocket, which will be 


I 3 found 
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found in the rubber above the plate of gla ls, 
This braſs rod will then ſerve for a negative 
prime conductor; for, in this ſituation, when 
the wheel of the mackivie 3 is turned, this rod, 
being inſulated (together with the rubber 
through which all the electric fire paſſes to the 
globe) will receive ſparks from whatever is 
preſented to it, and therefore electrify nega- 
tively. 

As it requires ſome dexterity and experi- 
ence to turn the machine, ſtanding on three 
feet only, without ſhaking it; ſmall plates of 
braſs, upon which the edges of heavy weights, 
made of lead or iron, may be placed, are 
faſtened to two of them; but a large board 
may be firmly ſcrewed under all the feet, or 
various other methods may be uſed, whereby 
the pillar, which ſupports the machine, may 
ſtand as firm as a PRO chuſes. 
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PRACTICAL MAXIMS For THE uskE or 
YOUNG ELECTRICIANS, 


Ms the chapter I am now entering upon 


is profeſſedly deſigned for the uſe of 
young electricians, it is hoped that the profi- 
cient will excuſe my inſerting a few plain and 
trite maxims; which, though they be ſuper- 
fluous with reſpect to him, may not be ſo to 
all my readers. The greateſt electricians (who 
are generally thoſe who have had the feweſt 
inſtructions) may remember the time when 
the knowledge of a rule or maxim, which 
they would perhaps ſmile to ſee in a book, 
would have ſaved them a great deal of trouble 
and expence; and it is hoped they will not 
envy others acquiring wiſdom cheaper than 
they did. In a general treatiſe, every man 
has an equal right to expect to find what 
he wants; and it is for the intereſt of 
the ſcience in general, that every thing be 
made as eaſy and inviting as poſſible to begin- 
ners It is this cireumſtance only that can in- 


| Creale the number of electricians, and it is 


from the increaſe of this number that we may 
moſt reaſonably expect improvements in the 
ſcience. | 102 
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Wuen the air is dry, particularly when 
the weather is froſty, and when the wind is 
North, or Eaſt, there is hardly any electrical 
machine but will work very well. If the air 
be damp, let the room in which the machine 
is uſed be well aired with a fire, and let the 
globe and every thing about it. be made very 
dry, and it may be made to, work almoſt as 
well as in the beſt ſtate of the air. 

WHEN a tube is uſed, the hand ſhould be 
kept two or three inches below the upper part 
of the rubber; otherwiſe the electricity will 
diſcharge itſelf upon the hand, and nothing 
will remain upon the tube for electrical pur- 
poſes. | 

A LITTLE bees wax drawn over the ſur- 
face of a tube will greatly increaſe its power. 
When the tube is in very good order, and 
highly excited, it will, hy every ſtroke, throw 
off many pencils of rays from its ſurface, 
without the approach of any conductor, ex- 
cept what may float in the common atmo- 
ſphere. 

I has been the cuſtom of many electrici- 
ans to line their globes with ſealing wax, or 
ſome other electric ſubſtance, in order to make 
them act with more eaſe and vigour, Mr. C. 
L. Epinaſſe gives the following receipt for an 


ceelectric compoſition for this purpoſe. Take 


four pounds of Venice turpentine, one pound 
of roſin, and one pound of bees wax. Boil 
theſe over a gentle fire, ſtirring them now and 
then, for four hours; at the end of which {tir 
in one quarter of a pound of vermilion. The 

a little 
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a little of the mixture being taken out and left 
to cool, will be hard and brittle, a token that 
it is fit for uſe. Having well heated your 
globe or cylinder, pour the melted mixture 


into it, and turn it about, ſo as to ſpread it 


evenly over the inſide ſurface, to the thick» 
neſs ak a ſixpence, and let it cool very gra- 
duall 

I . no doubt but that this electrio 
lining is uſeful in ſome caſes, eſpecially in 
keeping the inſide of a globe free from moiſ- 
turg, which is more apt to adhere to glaſs 
than other electric ſubſtances, It will be ſeen 
that a lining of ſulphur was remarkably uſe- 
ful in the caſe of two large globes of my 
own, the hiſtory of which will be given in the 
laſt part of this work. 

To increaſe the quantity of electric fire 
from a globe, moiſten the rubber a little from 
time to time; or rather moiſten the under fide 
of a looſe piece of leather, which may occa- 


 fionally be put upon the rubber. But the 


moſt powerful exciter of electricity is a little 
amalgam, which may be made by rubbing 
together mercury and thin pieces of lead or 
tinfoil in the palm of the hand. If the rub- 
ber ſhould be placed perpendicular to the ho- 
rizon, it will be neceſſary to uſe a little tallow 
to make it ſtick, . With this excellent reſource, . 
almoſt all ſtates of the weather are equal to an 
electrician. 


® Phil. Tranſ. Vol. Ivii. p. 186. 
Arrrir 
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" Ar1TTz time after freſh amalgam has been 
put upon the globe, and often at other times, 
If there be any foulneſs upon the cuſhion; 
and ſometimes when there is none, there will 
be formed upon the globe ſmall black ſpots, 
of a hard rough ſubſtance, which grow con- 
finually larger, till a conſiderable quantity of 
that matter be accumulated upon the ſurface. 
This muſt be carefully picked off, or it will 
obſtruct the excitation, and in a great meaſure 
defeat the electrical operations. 

Wurm the amalgam. has been uſed for 
fome time, there will be formed upon the rub- 
ber a thick incruſtation of the ſame kind of 
black ſubſtance- which is apt to adhere to the 
globe. This incruſtation is a very great im- 
provement of the rubber. For when once a 
conſiderable body of this matter is formed, 
and it is a little moiſtened, or ſcraped, as much 
fire will be produced, as if freſh amalgam 
were uſed: ſo that it ſeems almoſt to ſuperſede 
the farther' uſe of the amalgam. 

As the lectrie matter is on!. collected at the 
rubber, it is neceſſary that it have a commu- 
nication with the common maſs of the earth, 
by means of good conductors. If, therefore, 
the table on which the machine ſtands, or 
the floor of the room in which it is uſed, be 
very dry, little or no fire will be got, be the 
machine ever ſo good. In this caſe it will be 
neceſſary to connect the rubber, by means of 
chains or wires, with the floor, ar even the 
next water, if the neighbouring ground 


} 
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be dry. This Dr. Franklin informs me 
he was frequently ' obliged to do i in Phil- 
adelphia. 

We the electricity of a globe is very vi- 
gorous, the electric fire will ſeem to dart from 
the cuſhion towards the wire of the conduc- 
tor. I have ſeen thoſe lucid rays (which are 
viſible in day-light) make the circuit of half 
the globe, and reach the wires: and they will 


frequently come in a conſiderable number, at 


the ſame time, from different parts of the 
cuſhion. The noiſe attending this beautiful 
phenomenon exactly reſembles the crackling 
of bay leaves in the fire. Frequently theſe 
Jucid arches have radiant points, often four or 
five in different parts of the ſame arch. Theſe 
radiant points are intenſely bright, and ap- 
pear very beautiful. It is peculiarly pleaſing 
to obſerve theſe circles of fire riſe from thoſe 
parts of the cuſhion where the amalgam or 
- moiſture has been put, or which have been 
lately ſcraped. Single points on the rubber 
will then ſeem intenſely bright, and for a 
long time together will ſeem to pour out con- 
tinual torrents of flame. If one part of the 
rubber be preſſed cloſer than another, the cir- 
cles will iſſue in that place more frequently 
than-in any other, 
_ When the conductor is taken quite away, 
circles of fire will appear on both ſides the 
rubber, which will ſometimes meet, and com- 
Prey encircle the globe. If a finger be 
rought within half an inch of the globe, in 
that ſtate, it is ſure to be ſtruck very _— 
| an 
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and there will often be a complete arch, of fire 
from it to the rubber, though it be almoſt 
quite round the globe. 
Tux fmaller x conductor is made, the 
more firs may be collected from it: for there 
is lefs ſurface from which the fire may eſcape. 
But in charging a phial, if the wire be placed 
cloſe to the conductor, the difference will be 
inconſiderable, whether 2 imaller or cr 


tor will not LL bun 5 any dro at= 
 moſphere. 

I the conductor be made perfecthy well, 
and the air be dry, there will never be any loſs 
of fire from any part of it. For when the 
whole ſur face has received as high a charge 
as the machine can give to it, it will, in all 
places alike, perfectly reſiſt all farther efforts 
to throw more upon it, and the cireulation of 
the fluid by the rubber will be ſtopped, being 
balanced, as it were, by equal forces, Or if 
it loſe in all places alike, the diſſipation muſt 

be inviſible. This maxim almoſt admits of 
\ ocular demonſtration, For when. the rubber 
1s perfectly inſulated, and the conductor has 
an opportunity of diſcharging itſelf, the rub- 
ber will take ſparks from a wire placed near 
it very faſt; but when the conductor has little 
opportunity of emptying itſelf, it will take 
fewer of thoſe ſparks. 
To form a juſt eftimate of the electrical 
power of any machine, and to compare diffe- 


rent machines 1 in this reſpect, take two wires 
| with 


in ELECTRICITY. 125 
with knobs of any ſize, and fix one of them 
at the conductor, and the other at ſome cer- 
tain diſtance from it, about an inch, or an 
inch and a half; and when the wheel is turn 
ed, count the number of ſparks that paſs be- 
tween them during any given time. Fix the 
ſame wires to any other conductor, belonging 
to any other machine (but the ſame conductor 
would be more exact) and the difference be- 
tween the number of ſtrokes in any given time 
will aſcertain the difference between the 
ſtrength of the two machines. 

Tus larger the conductor is made, the 
ſtronger ſpark it will give : for the more ex- 
tended the eleQrified ſurfacg is, the greater 
quantity of the electrie atmoſphere it contains, 
and the more ſenſible will be its effects when 
it is all diſcharged at once. The conductor, 
however, may be made ſo large, that the ne- 
ceſſary diſſipation of the electrie matter from 
its ſurface into the air will be equal to the 
ſupply from the machine, which will con- 
ſtitute the MAxIMUM of the power of that 
machine, and will be different in different 
ſtates of the air. 

A CERTAIN degree of. friction is ry 
to give a globe its greateſt power. A number 
of globes increaſes the power, but the increaſe 
of friction will make it more difficult for a 
man to excite their power. A few trials with 
a number of globes would enable any man to 
judge of the maximum of his ſtrength in excit- 
ing electricity. I ſhould imagine, from my 
own experience, ** no perſon could excite 

h much 
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much more electricity from any number of 
globes, than he could from one; ſuppoſing 
him to continue the operation an hour, or even 
only half an hour together, 

Wu along conductor is uſed, the 3 
and the ſtrongeſt ſpark may be drawn from 
the extremity of it, or from that part which 
is the moſt remote from the globe. 

VeRy large and pungent ſparks are often 
drawn from any conductor along an electric 
ſubſtance. Thus if the conductor be ſupport- 
ed by pillars of glaſs or of baked wood, theſe 
ſparks will be taken cloſe to the pillar. | 

Is the conductor bend inwards in any 
place, ſo as to make the ſurface concave, 
a peculiarly large, ſtrong, and undivided ſpark 
may be drawn from that place. Where the 
| ſurface is convex, the ſpark is more apt to 
be divided and weakened, 

Ir a ſmooth cork ball be hung in a long 
ſilken ftring, and electrified poſitively, it will 
always be repelled by poſitive, and attraQed 
by negative electricity. But the ſtrongeſt re- 
pulſion will be changed into attraction at a 
certain diſtance. 

Ir two pith balls hung by linen threads, 
and diverging with poſitive electricity, be in- 
ſulated, though in connection with condue- 
tors of conſiderable length, the approach of a 
body electrified poſitively will firſt make 
them ſeparate, and then (if the electricity of 
the balls be ſmall, and that of the approach- 
ing body great) it will, at a certain diſtance, 
make them approach, and at length come in- 

| to 
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to contact with it. Sometimes the divergence 
previous to the convergence is very light, 
and, without great attention, 18 apt to be over- 
looked. 

IF the balls have a free communication with 
the earth, for inſtance, if they be held in the 
hand of a perſon ſtanding on the ground, 
and (as in the former caſe) they be made to 
diverge with poſitive electricity, in conſe- 
quence of being held within the influence of 
a body electrified negatively, the approach of 
politive electricity will make them converge, 
and negative electricity will make them di- 
verge: the electric matter of the approaching 
body, in the former caſe, repelling that of 
the balls, and thereby, as it were, unelectrify- 
ing them; whereas, in the latter caſe, the 
negative electricity of an approaching body 
draws it more powerfully into the threads, 
and makes them diverge more. This method 
of judging is, therefore, excellently adapted 
to aſcertain the kind of electricity in the at- 
moſphere, or of a charged jar or battery, tlie 
balls being held in the hand of a perſon ſtand- 
ing on the earth or the floor. 

To diſcover ſmaller degrees of electricity 
than the balls can ſhow to advantage, uſe a 
very fine thread, or two of them. If inſula- 
tion be neceſſary, faſten it to a ſtick of baked 
wood. But the moſt accurate meaſure of 
electricity I have yet hit upon, is a ſingle 
thread of ſilk as it comes from the worm. 
When the end of this has received a ſmall de- 
gree of electricity, it will retain it a conſider- 

2 able 
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able time, and the ſlighteſt electric force will 
give it motion. Before any experiments be 
made, let it be carefully obſerved how long, 
in any particular ſituation, it will retain the 
degree of electricity that is intended to be 
given to it; and let allowance be made for 
that in the courſe of the experiments, It will 
retain electricity much longer, if a ſmall piece 
of down from a feather be faſtened to it, but 
it will not acquire the virtue ſo ſoon, And it 
will be moſt eaſy to manage, if two or three 


threads of filk be uſed, and the piece of 


down be ſo adjuſted to them, that it ſhall but 
Juſt prefer a perpendicular ſituation, and not 
abſolutely float in the air at random. This 
electrometer is not liable to the inaccuracies 
of thoſe that have a ſenſible weight: for as 
there is always a ſphere of attraction within a 
ſphere of repulſion, the weight of the electri- 
fied body will allow another to paſs the 
boundary of thoſe two ſpheres, without a ſen- 
ſible obſtruction; but the body I am deſcrib- 
ing immediately retires, with all its ſpheres of 
attraction and repulſion about it. 

Tur force of the ELECTRIC SHOCK is in 
proportion to the quantity of ſurface coated, 
the thinneſs of the glaſs, and the power of 
the machine. That this laſt circumſtance 
ought to be taken into conſideration is evi- 
dent: for different machines will charge the 
ſame jar very differently. With one machine, 
for inſtance, it may be made to diſcharge it- 
ſelf, when it cannot with another. 


THE 
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Tur moſt effectual method of charging a 
jar is to connect the outſide, by means of 
wires, with the rubber, while the wire pro- 
ceeding from the inſide is in contact with the 
conductor. In this manner the inſide of the 


jar will be ſupplied with the very ſame fire 


that left the outſide. In this caſe alſo the jar 
will receive as high a charge as it is capable of 
receiving, though the rubber be inſulated, 
and have no communication but with the out- 
ſide coating; ſo that, in the caſe of charging, 
there can be no occaſion for the directions 
given above, when the table, the floor of the 
room, or the ground are very dry. 


Taz greateſt quantity of fire that a jar will 


hold is not always the quantity it will contain 
when it is coated juſt ſo low as not to dif- 
charge itſelf, In-this caſe, indeed, the part 
that is coated is charged as high as it can be, 
but then a conſiderable part of the ſurface is 
not charged at all, or very impertealy. On 
the other hand, if the jar be coated very high, 
it may be made to diſcharge itſelf with as 
{mall an exploſion as one chuſes. The exact 
maximum of the charge of any jar is not eaſy 
to aſcertain,* _ | | ee 
Tus greateſt effort in a jar to make a diſ- 
charge ſeems to be about half a minute, or a 
minute, after it is removed from the conduc- 
tor, owing, perhaps, to non-eleQtric duſt or 
moiſture attracted by and adhering to the glaſs, 
between the outſide and inſide coating; ſo 
that if there be any apprehenſion of its diſ- 
Vor, II, K charging 


wheel; the other will always be diſcharged 
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charging itſelf, it is-adviſeable to enen it 
before it has ſtood charged at all. 

Wren a thin jar is diſchirged;; it is ad- 
viſable not to do it by placing the diſcharg- 
ing rod oppoſite to the thinneſt, part. It 
will endanger the burſting of the Jar in that 
place. 

Tus more perſons join hands to. take 
| ſhock the weaker it is. 

Ip two jars, of the ſame thickneſs, be 
uſed together, the ſtronger of them will re- 
ceive no higher a charge than the weaker, If 
one of them, for inſtance, be coated ſo high 
as that it will diſcharge itſelf, either with or 
without burſting, after a few turns of the 


along with it, though it was capable of being 
charged ever ſo high by itſelf, The method, 
therefore, of eſtimating the force of a number 
of jars, is to conſider each of them as capable 
of containing no more fire than the weakeſt 
in the company. It follows from hence, that 
if a ſingle jar in a large battery have the 
ſmalleſt crack in the coated part of it, not one 
of them is capable of being charged in con- 
junction with it. 
_ Is large batteries, it is adviſable to coat 
the jars pretty high, the diſſipation of the 
electrie matter from ſo great a ſurface when 
the charge is high being very conſiderable. 
The battery might be made ſo large, as that 
after a very moderate charge, the machine 
! be able to throw no more fire in than 
I. en 
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was ita, a8 we may ly Abe the 7 
face. This would be the Maximum; or 
THE POWER OF THAT MACHINE IN CHARG=, 
mW. 

Is order to judge of the frength of 5 
charge (which, in large battericg, is a thing 
of conſiderable conſequence) preſent Mr. Can- 
ton's balls to the wires, from time to time. 
A compariſon of the degree of their di- 
vergence, compared with the actual exploſion, 
will ſoon enable the operator to tell how high 
his battery is Charges, and what will be che 
force of the exploſion. 

I comparing different exploſions by their 
power to melt wires, let it be obſerved, that, 
in wires of the ſame thickneſs, the forces 
that melt them will be in the proportion 
of the lengths; and in wires of the ſame 
length, in the proportion of the {quares of 
their diameters. © © 

Do not expect that the exploſion. of a bat- 
tery will | pierce a number of leaves of paper in 
proportion to. its force in other reſpects. That 
depends upon the height of the charge much, 
more than the quantity of coated ſurface. I 
ye 17 an xploſion which would have 
melted a pr el wire not able. to. pierce 
the cover 277 a book, which. ; a; f all common, 
jar would have done with e 8 If it had 
been pierced” with. the exploſion of. the bat» 
tery, the hole would 833 larger in . 
F * 
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LeT no perſon 1 ima ne that, becauſe he 
can handle the wires 73% large battery with- 
out feeling any thing, that therefore he may 
ſafely touch the outſide coating with one 
hand, while the other is upon them. I have 
more than once received ſhocks that I ſhould 
nöt like to receive again, when the wires 
ſhowed no ſign of a charge; even two days 
after the diſcharge, and when papers, books, 
my hat, and many other things had lain up- 
on them the greateſt part of the time. If the 

box be tolerably dry, the reſiduum of the 
charge will not diſperſe very ſoon. I have 
| known even the re/duum of a reſiduum in my 
batteries to remain in them ſeveral days. For 
preſently after an exploſion, I ſeldom fail to 
diſcharge the reſiduum, which, in ſome caſes, 
is very conſiderable, for fear of a diſagrecable 
accident. 

'A 8MALL ſhock paſſing through the body 
gives a ſenſation much more acute and 
pungent than a large one. I cannot. boaſt, 
like Dr. Franklin, of belng twice ſtruck ſenſe- 
leſs by the electric ſhock; but I once, inad- 
yertently, received the full charge of two 
jars, each containin three ſquare feet of 
coated glaſs. The ſiroke could not be call- 


ed painful, but, though it paſſed through 
my arms and breaſt only, it ſeemed to af- 
fect every part of my body alike. The 
only inconvenience I felt from it was 4 
— Which went off in about two 


Ms. 


Ours 
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Ms. Witcke was ſtruck down ſenſe- 
leſs, by accidentally receiving, from his head 
to his feet, the charge of a large chy- 
mical receiver. He thought, that if he 
had received a, ſhock five times as large, 
he ſhould never have written the. account 
 # 8 | | 


4 Remarks on Franklin's Letters; p. 368. 
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j NLECTRIOITY b has one conſiderable ad- 
c 


vantage over moſt other branches of 

rence, as it both furniſhes matter of ſpecu- 

lation for philoſophers, and of entertainment 

for all perſons promiſcuouſly. Neither the 

air pump, nor the orrery; neither experi- 

ments in hydroſtatics, optics, or magnetiſm; 

nor thoſe in all other branches of Natural Phi- 

loſophy ever brought together ſo many, or ſo 

great concourſes of people, as thoſe of elec- 

tricity have done ſingly. Electrical experi- 

ments have, in almoſt every country im Eu- 

rope, occaſionally furniſhed the means of 

ſubſiſtence to numbers of ingenious and in- 
duſtrious perſons, whoſe circumſtances have 0 
not been affluent, and who have had the ad- 
dreſs to turn to their own advantage that pa- 

ſion for the marvellous, which they ſaw to be 

ſo ſtrong in all their fellow- creatures. A man 

need not deſire a greater income than the 

ſums which have been received in ſhillings, 
ſix- pences, three-pences, and two-pences, for | 
"*Exhjbiging the Leyd Experiment. | 
Ir we only conſider what it is in objects 


| © that makes them capable of exciting that pleaſ- 
RH ot 
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ing aſtoniſhment, which has ſuch;charms for 
all mankind, we ſhall not wonder at the 
eagerneſs with which: perſons of both ſexes, 
and of every age and condition, run to ſee 
electrical experiments, » Here we fee the 
courſe of nature, to all appearance, intirely 
reverſed, in its moſt fundamental laws, and 
by cauſes ſeemingly the ſlighteſt imaginable. 
And not only are the greateſt effects produced 
by cauſes which ſeem to be inconſiderable, 
but by thoſe with which they ſeem to have 
no connection. Here, contrary to the prin- 
ciples of gravitation, : we ſee bodies attracted, 
repelled, -and held ſuſpended by others, which 
are {cen46 have acquired that power by no- 
thing but a very ſlight friction; while another 
body, with the very. fame friction, reverſes 
ſo all its effects. Here we ſee a piece of cold 
- metal, or even water, or ice, emitting ſtrong 
ri ſparks of fire, ſo as to kindle many inflam- 
u- mable ſubſtances; and in vacuo its light is 
of 5 diffuſed and copious, ſo as exact- 
n- y to reſemble, what it really is, the light- 
re ning of heaven. Again, what can ſeem more 
miraculous than to find, that a common glaſs 
phial or jar, ſhould, after a little preparation 
(which, however, leaves no viſihle effect, 
whereby it could be diſtinguiſhed from other 
phials or jars) be capable of giving a perſon 
ſuch a violent ſenſation, as nothing elſe in na- 
ture can give, and even of deſtroying animal 
life; and this ſhock attended with an explo- 
&s ſion like thunder, and a flaſh like that of 
a- lightning 7 Laſtly, what would the ancient 
ng e pPähilo- 
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philoſophers, what would Newton : himſelf 
have ſaid, to ſee the preſent race of electrici- 
ans imitating in miniature all the known effects 
of that tremendous power, nay diſarming the 
thunder of its power of doing miſchief, and, 
without any apprehenſion of danger to them- 

” _ ſelves, drawing lightning from the clouds in- 
to a private room, and amuſing themſelves at 
their leiſure, by performing with it all the 
experiments that are exhubited by clearical 
machines. 

So far are philoſophers from W to 
ſee the aſtoniſhment of the vulgar at theſe ex- 

periments, that they cannot help. viewing 
them with equal, if not greater aſtoniſhment 

themſelves, Indeed, all the eleQricians of 
the preſent age can well remember the time, 
when, with reſpect to theſe things, they them- 
ſelves would have ranked _— dhe ſame 
ignorant ſtaring vulgar. 

Bes1DEs, ſo imperfectly are -theſe ſtrange 
appearances underſtood, that philoſophers 
themſelves cannot be too well acquainted with 

them; and therefore ſhould not avoid fre- 
quent opportunities of ſeeing the ſame things, 
and viewing them in every light. It is poſſi- 
ble that, in the moſt common appearances, 
ſome cireumſtance or other, which had not 
been attended to, may ſtrike them; and that 
from thence light may be reflected Wen many 
other electrical appearances. 
- WHrETHER, philoſophers may think this 
conſideration worth attending to or not, I 


ſhall, for the ſake of thoſe electricians who 
3 | arc 
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are young enough, and, as it may be thought, 
childiſh enough, to divert themſelves and 
their friends with electrical experiments, de- 
ſcribe a number of the moſt beautiful and ſur- 
priſing appearances in electricity; that the 
young operator may not be at a loſs what to 
exhibit when a company of gentlemen or 
ladies wait upon him, and that he may be 
able to perform the experiments to the moſt 
advantage, without diſappointing his friends, 
or fretting himſelf. 

To make this buſineſs the eaſier to the 
young operator, I ſhall conſult his convenience 
in the order in which I ſhall relate the experi- 
ments, beginning with thoſe which only re- 
quire ſimple electrification, then proceeding to 
thoſe in which the Leyden experiment is uſed, 
and concluding with thoſe in which recourſe 
muſt be had to other philoſophical inftruments 
in conjunction with the electrical machine. 
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H E phenomena of clerical attraRtion 

are ſhown 1n as pleaſing a Manner by 
the . as they can be by any methods 
that have been found out: fince- the later im- 
provements in electricity. It is really ſur- 
priſing th ſee a feather, or a piece of leaf 
gold firſt attracted by a glaſs tube. excited by 
.a flight friction, then repelled by it, and held 
ſuſpended in the air, or driven about the room 
wherever the operator pleaſes; and: the ſur- 
priſe is increaſed by ſeeing the feather, which 
was repelled by the — glaſs tube, at- 
tracted by an excited rough tube, or a ſtick 
of ſealing wax, &c. and jumping from the 
one to the other, till the electricity of both be 
diſcharged. Nor is the obſervation of Otto 
Guericke the leaſt pleaſing circumſtance, viz, 
that in turning thEtube round the feather, the 
fame ſide of the feather is always preſented 
towards it. 

Bor ſince electrical ſubſtances part with 
their electricity but ſlowly, the more rapid 
alternate attractions and repulſions are ſhown 

to the beſt advantage at the prime conductor. 
Thus preſent a number of ſeeds of any kind, 
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of ſand, a quantity of braſs duſt, or 
other light ſubſtances in a metal diſh (or rather 
in a glaſs cylindrical veſſel ſtanding on a me- 
tal plate) to another plate hanging from the 
conductor [as at » and o, Pl. II.] and the light 
ſubſtances will be attracteil and repelled with 
inconcervable rapidity, ſo as to exhibit a per- 

fect „ A which, in the er n be Il 


1 


luminous. bo þ 


— one plate of 280 ks Hewes 


| tors and place a metal ſtand, of the ſame ſize, 


at the Hiſtance of a fe inches exactly under 
it, and upon the ſtand put the figures of 
men, animals, or whatever elſe ſhall be ima- 


gined, cut in paper or leaf gold; and pretty 


ſharply pointed iat both extrem ĩties; and then, 


upon electrifying the upper plate, they will 
perform a dance, with amazing rapidity” of 
motion, and to be de "ran 2 the 
ſpectatoſ s. 

Ir a dorny feather, or a (fe of thiftl 
down be uſed in this manner, it will be at- 
trated and repelled with ſuch aſtoniſhing ce- 
lerity, that both its form and motion will diſ- 
appear; all that is to be diſcerned deing its 
colour only, which will uniformly fill the 


whole ſpace in which it vibrates 


Ir a piece of leaf gold be cut with A — 


large angle at one extremity, and à very acute 


one at the other, it will: need no lower plate, 
but will hang by its larger angle at a ſmall 


5 nee from _ ann and by cer con- 
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tinual 
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tinual waving motion of its lower extremi- 
ties, will have the appearance of ſomething 
animated, biting or nibling at the conductor. 
It is therefore called by Dr. 8 — the 
golden fiſh. 
To the dancing figures above e it 
is very amuſing to add a ſet of ELECTRICAL 
nBELLS. Theſe conſiſt of three ſmall bells, 
the two outermoſt of which are ſuſpended 
from the conductor by chains, and that in the 
middle by a ſilken ſtring, while a chain con- 
nects it with the floor; and two ſmall knobs 
of braſs, to ſerve inſtead of clappers, hang by 
ſilken ſtrings, one between each two bells. 
In conſequence of this diſpoſition, when the 
two outermoſt bells, communicating with the 
conductor, are electriſied, they will attract the 
clappers, and be ſtruck by them. The clap- 
pers, being thus loaded with electricity, will 
be repelled, and fly to diſcharge themſelves 
upon the middle bell. After this, they will 
be again attracted by the outermoſt bells; and 
thus by ſtriking the bells alternately, a con- 
tinual ringing may be kept up as long as the 
operator pleaſes. In the dark, a continual 
flaſhing of light will be ſeen between the 
clappers and the bells; and when the electri- 
fication is very ſtrong, theſe flaſhes af light 
will be ſo large, that they will be tranſmitted 
by the clapper from one bell to the other, 
Without its ever coming into actual contact 
wich either of them, and the ringing will, 
conſequently, ceaſe. When theſe two experi- 
ments of the bells and the figures are _m_— 
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ed at the ame time, they have the nce- 
of men or animals dancing to the muſic of the 
bells; which, if well conducted, may be very 

diverting. | 

Ir a piece of burnt cork, about the bi gneſs 
of a pea, cut into the form of a ſpider, with 
legs of linen thread, and à grain or two of 
lead put in it, to give it more weight, be be ſuſ- 
— by a fine ſilken thread, it will, like a 
clapper between the two bells, jump from an 
electrified to an unelectrified body and back 
again, or between two bodies poſſeſſed of dif- 
ferent electricities, moving its legs as if it 
were alive, to the great ſurprize of perſons un- 
acquainted with the conſtruction of it. This 
is an American invention, and is deſcribed by 
Dr. Franklin *. | 

SEVERAL very beautiful experiments, which 
depend on electrical repulſion, may be ſhown 
to great advantage by bundles of thread, or 
of hair, ſuſpended from the conductor, or 
preſented to it. They will ſuddenly ſtart up, 
and ſeparate upon being electrified, and in- 
ſtantly collapſe when the electricity is taken 
off. If the operator can manage this experi- 
ment with any degree of dexterity, the hair 
will ſeem to the company to riſe and fall at the 
word of command. 

Ir a large plumy feather be. fixed upright 
on an electrified ſtand, or held in the hand of 
a perſon electrified, it is very pleaſing to ob- 
erve how it becomes turgid, its fibres extend- 


* Leuen, p. 1j. 
25 ing 
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ing themſelves in all directions from the. rib ; 


and how it ſhrinks, like the ſenfitive plant, 


when any unelectrified body touches it; when 
the point of a pin or needle 18 preſented to it, 
or when the prime nee 1 * i 1s 
connected. mot 21,54 
Bor the effects of eleQrical replica are 
' ſhown in à more ſurpriſing manner by means 
of water iſſuing out of a capillary tube. If a 
veſſel of water be ſuſpended from the 'conduc- 
tor, and a capillary ſyphon be put into it, 
the water will iſſue ſlowly, and in the form of 
large drops from the lower leg of the f yphon ; 
but, upon electrifying this little apparatus, in- 
ſtead of drops, there will be one continued 
ſtream of water; and if the electrification be 
ſtrong, a number of ſtreams, in the form of 
a cone, the apex of which will be at the ex- 
tremity of the tube; and this awo ſhower 
will be luminous in the dark. | 
LasTLYy; Mr. /Rackftrow's experimdine (as 
it is generally called, but which Mr. Henley 
informs me was really invented by John 
Serocold, 'Elq.) is a ſtriking inſtanee of elec- 
trical attraction and repulſion, aud, at the 
fame time, exhibits a very pleaſing ſpectacle. 
Electrify a hoop of metal, „ fülpende from the 
prime conductor (or ſupported with ſmall 
pieces of ſealing wax, 8c.) about half an inch 
above a plate of metal, and parallel to it. 
Then place a round glaſs bubble, blown very 
light, upon the plate, near the hoop, and it 
will be immediately attracted to it. In conſe- 
quence of this, the part of the bubble which 
| touched 
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touched the hoop. will acquire ſome electrie 


virtue, and be A and, the electricity 


not being diffuſed over the whole ſurface of 
the glaſs, another part of the ſurface will be 
atttacted, while the former goes to diſcharge 
its electrieity upon the place. This will pro- 
duee a revolution of the bubble quite round 
the hoop, as long as the electrificatpn 1 is con- 
tinued; and it will be either way, juſt as it 
happens to ſet out, or as it is driven by the 
operator. If the room be darkened the glaſs ball 
will be beautifully illuminated. Two bubbles 
may be made to revolve about the ſame hoop, 


one on the inſide, and the other on the out- 


ſide; and either in the ſame, or contrary di- 
reQions, If more hoops be uſed, à greater 
number of bubbles may be made to-revolve, 
and thus a kind of planetarium or orr 
might be conſtructed, and a ball hung over 
the center of all the hoops would ſerve to re- 
preſent the ſun in the center of the ſyſtem. Or 
the hoops might be made elliptical, and the 
ſun be placed in one of the focr. N. B. A bell 
or any metallic veſſel inverted would ere in- 
ſtead of a ſingle hoop. : 

All the motions above mottinied are >the 
immediate effect of electrical attraction and 
repulſion. The following amuſing experi- 
ments are performed by giving motion to bo- 
dies through the medium of air, 4, e. by firſt 
putting the air in motion. Let the electrici- 
an provide himſelf with a ſet of vanes, made 
of gilt paper or tinſel, each about two inches 
in ey and one in breadth, Let theſe: be 

ſtuck 
2 
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ſtuck in a cork, which may be ſuſpended from 


a magnet by means of a needle; and then, 


if they be held at a ſmall diſtance on one ſide 


of the end of a pointed wire proceeding from 


the conductor, they will be turned round with 
on rapidity by the current of the air which 

ows from the point. If the vanes be re- 
moved to the other ſide of the point, the mo- 
tion will preſently ſtop, and begin again with 
the ſame rapidity, in a contrary direction; 
and thus the motion may be changed at plea- 
ſure. This experiment may be diverſified by 
-vanes cut in the form of thoſe of a ſmoke- 
jack; when, being held over the end of a 
pointed wire, turned upwards, and electrified, 
they will be turned round very ſwiftly, by the 
current of air flowing upwards, If they be 
held under a point projecting downwards, they 
will be turned the contrary way: 

On the top of a finely pointed wire, riſing 
perpendicularly from the conductor, let an- 
other wire, ſharpened at each end, be made to 
move freely as on a center. If it be well ba- 
lanced, and the points be bent horizontally, in 
oppoſite directions, it will, when electrified, 
turn very ſwiftly round, by the reaction of the 
air againſt the current which flows from the 
points. Theſe points may be nearly conceal- 
ed, and horſes or other figures placed upon 
the wires, ſo as to turn round with them, and 
look as if the one purſued the other. This 
experiment Mr. Kinnerſley calls the BLEC* 
TRICAL HORSE: RACE. If the number of 
wires proceeding from the ſame center be in- 
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creaſed, and different figures be put upon 
them, the race will be mote complicated and 
diverting. If this wire which ſupports the 
figures have another wire finely pointed riſing 
from its center, another ſet of wires, furniſh- 
ed with other figures, may be made to re- 
volve above the former, and either in the 
ſame, or in a contrary direction, as the ope- 
rator pleaſes © IL 33 
Ir ſuch a wire, pointed at each end, and 
the ends bent in oppoſite directions, be fur- 


' niſhed like a dipping needle with a ſmall axis 


fixed in its middle, at right angles with the 
bending of the points, and the ſame be placed 
between two inſulated wire ſtrings, near and 
parallel to each other, ſo that it may turn on 
its axis freely upon and between them; it 
will, when electrified, have a progteſſive as 
well as circular motion, from one end of the 
wires that ſupport it to the other, and this even 
up a conſiderable aſcent. - 

A vARIETY of beautiful appearances may 
be exhibited by means of electrical LIGHT, 
even in the open air, if the room be dark. 
Bruſhes of light from points electrified poſi- 
tively, and not made vety ſharp, or from the 
edges of metallic plates, diverge in a very - 
beautiful manner, and may be exeited to a 
great length, by preſenting to them a finger, 
or the palm of the hand, to which they feel 
like ſoft lambent flames, which have not the 
leaſt pungency, nor give a diſagreeable ſenſa- 
tion of any kind. It is alſo amuſing to ob- 
ſerve the difference there is between bruſheg 
Vor. II. hb ö of 
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of light from pointed bodies electrified poſi- 
tively or negatively, - 

IN the electrical horſe race above mention- 
ed, a ſmall flame will be ſeen in the dark at 
every point of the bent wires; ſo that, if the 
operator can contrive to make the wire termi- 
nate in the horſe's tail, it will ſeem to be all 


on fire. And if a circular plate of metal be 
cut into the ſhape of a ſtar, ſo that every point 


may be at the ſame diſtance from the center, 


and the center be made to turn freely on: 
point, like the wires in the preceding experi- 
ment, a "ſmall flame will be ſeen at every 
point; and if the ſtar be turned round, i 
will exhibit the appearance of a Jucid 
circle, without any diſcontinuance of the 
light. 

Ir the electric ſparks be taken from a bra 
ball, at the extremity of a long braſs rod, in 
ſetted into the prime conductor, they will al 
ten be ſeveral inches long, and iſſue in a great 
variety of crooked directions, exactly reſem- 
bling the courſe of lightning, and exhibiting 
a very amuſing ſpectacle. A friend of Dr. 
Franklin's ſuppoſes that the ſpark is thrown 
out of a ſtrait courſe by the denſity of the ait 
increaſed by the action and reaction of the 
two fluids, which are repulſive of one an- 
other. 

As the motion of the electric matter is, to 
the ſenſes, inſtantaneous, a variety of beaut!- 
| fa enges may be exhibited by a num 
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det of ſmall eleric ſparks, diſpoſed in vari- 
bus forms. This may be done by means of 
a board and a number of wires, in the follow= - 


ing manner. Let two holes be made through 
the board, about a quarter of an inch on each 


fide of the ſpot where a ſpark is deſired. - Let 
che extremities of the wires neatly rounded; 


come through theſe holes, and be brought 
near together, exactly over the place; and 
let the wires on the back fide of the board be 
ſo diſpoſed, as that an electric ſpark muſt 
take them all in the ſame eireuit. When 
they are thus prepared, all the points will ap- 
pear luminous at once, whenever a fpark is 
taken by them at the prime conductor. In 
this manner may beautiful repreſentations be 
made of any of the conſtellations, as of the 
Great Bear, Orion, &c. and in this manner, 
alſo, may the outlines of any drawing, as of 
figures in tapeſtry, be exhibited. 9 8 

Tus Abbe Nollet has taken a great deal of 
pains fo make the appearance of letters, and 
other figures, by means of electric ſparks, and 
as it is impoſſible to make the ſparks follow 
one another in a complete circle, on the ſame 
ſide of arty flat ſurface, he makes uſe of plates 
of glaſs, and places one half of the circle, 
&, on one ſide of the plate, and the other 
half on the other fide, connecting the pieces 
that are neareſt one another, but on different 
ſides of the glaſs, by wires brought round it“. 
The deſcription would be too tedious for this 


| Py Lettres, Vol, iii. p. 281. 
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place, but the execution will be very eaſy, to 
any perſon who has but a little knowledge of 

ae 1 

Tux force of an electric ſpark in ſetting 
fire to various ſubſtances was one of the firſt 
experiments that gave an ec/at to electricity, 
and it is ſtill repeated with pleaſure. Spirit 
of wine a little warmed, is commonly made 
uſe of for this purpoſe. The experiment wil 
not fail to ſucceed, if a pretty ſtrong ſpark be 
drawn, in any manner, or direction what- 
ever, through any part of it; and this may 
eaſily be done many ways, if it be contained 
in a metal ſpoon with a pretty wide mouth, 
A candle newly blown out may be lighted 
again by the electric ſpark paſſing through the 
groſs part of the ſmoke, within half an inch 
of the ſnuff ; though it is perhaps blown in 
again by the motion given to the air by the 
force of the exploſion, Alfo air produced by 
the efferveſcence of ſteel filings with oil of 
vitrol diluted with water, and many other ſub- 
lance, which throw out an inflammable va- 

pour, may be kindled by it. | 
Tur ſtrong phoſphoreal . or fulphureons 
ſmell, which may be perceived by preſenting 
the noſtrils within an inch or two of any elec- 
trified point, makes a curious experiment, but 

it does not give a pleaſing ſenſation. 

_ LasTLy, the moſt entertaining experiment 
that can be performed by ſimple ele&rification, 
is when one or more of the company ſtand 
upon an infulated ſtool, holding a chain from 
the prime conductor. In this caſe, the wo 
| bd J 


a = © => - 8 wok —— 6 - — 


— 5 5 - =, 2 


Fr 


hg 


body is, in reality, a part of the prime con- 
ductor, and will exhibit all the ſame appear- 
ances, emitting ſparks wherever it is touched 
by any perſon ſtanding on the floor, If the 
prime conductor be very large, the ſparks may 
be too painful to be agreeable, but if the con- 
ductor be ſmall, the electrification moderate, 
and none of the company preſent touch the 


eyes, or the more tender parts of the face of 


the perſon electrified, the experiment is di- 
verting enough to all parties, | 

MosT of the experiments above mentioned 
may alſo be performed to the moſt advantage 
by the perſon ſtanding upon the ſtool, if he 
hold in his hand whatever was directed to be 
faſtened to the prime conductor. Spirit of 
wine may be fired by a ſpark from a perſon's 
finger as effectually as in any other way. Care 


muſt be taken that the floor on which the 


ſtool-is placed be free from duſt, but it is moſt 
adviſable to have a large ſmooth board for the 


purpoſe, 
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ENTERTAINING. EXPERIMENTS pen. 
FORMED BY MEANS or THE LEYDEN 
PHIAL, 


O electrical experiments en the 
Ni joint purpoſe of pleaſure and ſurprize 
in any manner comparable to thoſe that are 
made by means of the, Leyden phial. All 
the varieties of electrical attraction and repul- 
hon may be exhibited, either by the wire, or 
the coating of it; and if the knobs of two 
wires, one communicating with the inſide, 
and the other with the ou de of the phial, be 
brought within four or five inches of one an- 
other, the electrical ſpider above mentioned 
will dart from the one to the other in a very 
ſurpriſing manner, till the phial be diſcharg- 
ed. But the peculiar advantage of the Ley- 
den experiment is, that, by this means, the 
electrical flaſh, report, and ſenſation, with all. 
their effects, may be increaſed » almoſt any 
degree that is deſired. 

WHEN the phial, or the jar, is charged, 
the ſhock is given through a perſon's arms 
and breaſt, by directing him to hold a chain 
communicating with the outſide in one hand, 
and to touch the wire of the phial, or any 
conductor communicating with it, with 1 

Other 
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other hand. Or the ſhock may be made to 
paſs through any particular part of the body 
without much affeQing the reſt, if that part, 
and no other, be brought into the circuit 
through which the fire muſt paſs from one ſide 
of the phial to the other. 

A GREAT deal of diverſion is often occa- 
ſioned by giving a perſon a ſhock when he 
does not expect it; which may be done by 
concealing the wire that comes from the out- 
ſide of the phial under the carpet, and plac- 
ing the wire which comes from the inſide 
in ſuch a manner in a perſon's way, that he 
can ſuſpe& no harm from putting his hand 
upon it, at the ſame time that his feet are up- 
on the other wire. This, and many other 
methods of giving a ſhock by ſurprize, may 
eaſily be executed by a little contrivance 
but great care ſhould be taken that theſe 
ſhocks be not ſtrong, and that they be not 
given to all perſons promiſcuoully, | 

Wurx a fingle perſon receives the ſhock, 
the company is diverted at his ſole expence,z 
but all contribute their ſhare to the entertain- 
ment, and all partake of it alike, when the 
whole company forms a circuit, by joining 
their hands; and when the operator directs 
the perſon who is at one extremity of the cir- 
cuit to hold a chain which communicates with 
the coating, while the perſon who is at the 
other extremity of the circuit touches- the 
wire. As all the perſons who form this cir- 
Cuit are ſtruck at the ſame time, and with the 
L 4 ſame 
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| ſame degree of force, it is often very plea- 
ſant to ſee them ſtart at the ſame moment, 
to hear, them compare their ſenſations, and 
525 the very different accounts they give 

nba. © 

Ta1s experiment may be agreeably varied, 
if the operator, inſtead of making the com- 
pany join hands, direct them to tread upon 
each others toes, or lay their hands upon 
each others heads; and if, in the latter caſe, 
the whole company ſhould be ſtruck to the 
ground, as it happened when Dr. Franklin 
once gave the ſhock to ſix very ſtout robuſt 
men, the inconvenience e be om it will be 
very inconſiderable. The company which 
the Doctor ſtruck in. this manner neither heard 
nor felt the ſtroke, and immediately got up 
again, without knowing what had happen- 
ed. This was done with two of his large jars 
{each containing about {ix gallons) not W 
charged *, 

Tur moſt, pleaſing of all the ſurprizes that 
are given by the Leyden phial is that which 
Mr. Kinnerſley f contrived and called the 
MAGIC PICTURE, which he deſcribes in the 
following manner. Having a large metzo- 
tinto, with a frame and gl a 1 of the 
king) take out the print, and cut a panne 
out of it, near two inches diſtant from the 


frame all round. If the cut be through the 


*' Franklin's Letters, new edition, p. 324. 
+ Ibid. p. 29. 
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picture, it is not the worſe. With thin paſte, 
or gum water, fix the board that is cut off 
on the inſide of the glaſs, preſſing it ſmooth 
and cloſe : then fill up the vacancy, by gild- 
ing the glaſs well with leaf gold, or braſs. 
Gild likewiſe the inner edge of the back of 
the frame all round, except the top part, and 
form a communication between that gilding . 
and the gilding behind the glaſs; then put in 
the board, and that fide is finiſhed, Turn up 
the glaſs, and gild the foreſide exactly over 
the back gilding ; and when it 1s dry, cover 
it, by paſting ' on the pannel of the picture 
that has been cut out, obſerving to bring the 
correſpondent parts of the board and picture 
together, by which the picture will appear 
of a piece as at firſt, only part is behind the 
glaſs, and part before. Laſtly, hold the 
picture horizontally by the top, and place 
a little moveable gilt crown, on the king's 
head 

Ir now the picture be moderately electrifi- 
ed, and another perſon take hold of the 
frame with one hand, ſo that his fingers 
touch its inſide gilding, and with the other 
hand endeavour to take off the crown, he 


will receive a terrible blow, and fail in the at- 
tempt. The operator who holds the picture 


by the upper end, where the inſide of the 
frame is not gilt, to prevent its falling, feeis 
nothing of the ſhock, and may touch the face 


of the picture without danger, which he 


pretends tg be a teſt of his loyalty. If a 
| ring 
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ring of perſons take a ſhock among them, 
the experiment is called the CONSPIRA- 
Tons. | 

As the electric fire may be made to take 
whatever circuit the operator ſhall pleaſe to 
direct, it may be thrown into a great variety 
of beautiful forms. Thus, if a charged phial 
be placed at one extremity of the gilding of a 
— and the diſcharge be made by a wire 
which touches the other extremity, the 
whole gilding will be rendered luminous. But 
if ſeveral pretty ſtrong ſhocks be ſent through 
the fame gilding, they will ſoon render it in- 
capable of tranſmitting any more, by break- 
ing and ſeparating the parts too far aſunder. 
Alſo the electric conſtellations and figures, 
mentioned above, may be lighted up much more 
ſtrongly by a charged phial than by ſparks 
from the conductor; only, they cannot be 
| lighted up ſo often in this way. | 

'On the ſame principle that the wires of 
phials charged differently will attract and repel 
differently, is made an ELECTRICAL WHEEL, 
which Dr. Franklin ſays, turns with conſider- 
able ſtrength, and of which he gives the fol- 
lowing deſcription. A ſmall upright ſhaft of 

wood paſſes at right angles through a thin 
round board, of about twelve inches diame-' 
ter, and turns.on a ſharp point of iron, fixed 
in the lower end; while a ſtrong wire in 
the upper end, paſſing through a fmall hole 
in a thin braſs plate, keeps the ſhaft truly ver- 

tical. About thirty radii, of equal length, 
„ 2 made 
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made of ſaſh glaſs, cut in narrow flips, iſſue 


horizontally from the circumference of the 


board; the ends moſt diſtant from the cen- 
ter being about four inches apart, On 
the end of every one a braſs thimble 1s 
fixed. 

Ir now the wire of a bottle, electrified in 
the common way, be brought near the circum- 


ference of this wheel, it will attract the 


neareſt thimble, and ſo put the wheel in mo- 
2 That thimble, in paſſing by, receives a 

ſpark, and thereby being electrified, is repell- 
4 and ſo driven forwards, while x ſecond 
being attracted approaches the wire, receives 
a ſpark, and is driven after the firſt; and fo 
on, il the wheel has gone once und when 
the thimbles before electriſied a pproaching the 
wire, inftead of being attracted, as they were 
at firſt, are repelled, and the motion preſent- 


ly ceaſes. 


Bor if another bottle, which had been | 
charged through the coating, be placed near 


the ſame wheel, its wire will attract the 


thimble repelled by the firſt, and thereby 
double the force that carries the wheel round; 
and not only take out the fire that had been 


communicated by the thimbles to the firſt 


bottle, but even robbing them of their natural 
quantity, inſtead of being repe Hed when thi 

come again towards the firſt | bottle, they 11 45 
more ſtrongly attracted; ſo that the wheel 
mends its pace, till it goes with great rapidi- 


ty, twelve or fifteen rounds i in a minute, and 


— | with 
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With ſuch» ſtrength, that the weight of one 
hundred Spaniſh dollars, with which we once 
loaded it, did not in the leaſt ſeem. to retard 
its motion. This is called an ELECTRICAL 
JACK, and if a large fowl was ſpitted on 
the upper ſhaft, it would be carried round 
before a fire, with a. motion fit for, roaſt- 
ing. wech 4 | | 

| Sor this wheel, continues the Doctor, like 
thoſe driven by wind, moves. by a foreign 
force, to wit that of the bottles. 

Tae $8ELF- MovING WHEEL, though con- 
ſtructed on the ſame principles, appears, more 
ſurpriſing. It is made of a thin round plate 
of window glaſs, ſeventeen inches diameter, 
well gilt on both ſides, all but two inches 
next the edge. Two ſmall hemiſpheres of 
wood are then fixed with cement to the middle 
of the upper and under ſides, centrally oppo- 
ſite; and in each of them a thick ſtrong wire, 
eight or ten -inches long, which together 
makes the axis of the wheel. It turns hori- 
Zöntally, on a point at the lower end of its 
axis, which reſts on a bit of braſs, cemented 
within a glaſs ſalt cellar. The upper end of 
its axis paſſes through a hole in a thin braſs 
Plate, cemented to a long and ſtrong piece of 
glaſs ; which keeps it ſix or eight inches diſ- 
tant from any non-electric, and has a ſmall 
ball of wax or metal on its tap, to keep in 
the fire. x, | 3 

I a circle on the table which ſupports the 
wheel, are fixed twelve ſmall pillars of glaſs, 
PL | at 
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at about eleven inches diſtance, with a thimble 
vn the top of each. On the edge of the wheel is 
a ſmall leaden bullet, communicating by a 
wire with the gilding of the upper ſurface of 
the wheel; and about fix inches from it, is 
another bullet, communicating, in like man- 
ner, with the under ſurface, When the wheel 
is to be charged by the upper ſurface, a com- 
munication muſt be made from the under ſur- 
face to the table. 

Wurm it is well charged, it begins to move. 
The bullet neareſt to a pillar moves towards 
the thimble on that pillar, and, paſſing by, 
electrifies it, and then puſhes itſelf from it. 
The ſucceeding bullet, which communicates 
with the other ſurface of the glaſs, more 
firongly attracts that thimble, on account of 
its being electrified before by the other bullet, 
and thus the wheel increaſes its motion, till 
the reſiſtance of the air regulates it. It will 
go half an hour, and make, one minute with 
another, twenty turns in a minute, which is 
600 turns in the whole, the bullet of 
the upper ſurface giving in each turn twelve 
ſparks to the thimbles, which makes 7200 
ſparks, and the bullet of the under ſurface re- 
ceiving as many from the thimble, thoſe bul- 
lets moving in the time near 2500 feet. The 
thimbles are well fixed, and in ſo exact a cir- 
cle, that the bullets may paſs within a vey 
{mall diſtance of each of them. 

Ir inſtead of two bullets, you put eight, | 

four > ant. d with the upper ſurface, 
„ and 


% 
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and four with the under ſurface, placed alter- 
nately (which eight, at about fix inches dif- 
| tance, complete the circumference) the force 
and ſwiftneſs will be greatly increaſed, the 
wheel making fifty turns in a minute, but 
but then it wil not continue moving ſo 
long. 

THESE bord the Doctor adds, may be 
| applied perhaps to the ringing of chimes, and 
— light made orreries *. 

A PHIAL makes the moſt beautiful appear- 
ances when it is charged without any coating 
on the outſide, by putting the hand, or any 
conductor, to it: for then, at whatever part 
of the jar the diſcharge is made, the fire will 
be ſeen to branch from it in moſt beautiful 
ramifications all over the j jar, and the light will 
be ſo intenſe, that the minuteſt of the branches 
may be ſeen in open day-light. 

Tux diſcharge of a large electrical battery 
is rather an awful than a pleaſing experiment, 
and the effects of it, in rending various 
bodies, in firing gun-powder, in melting 
wires, and in imitating all the effects of light- 
ning, never fail to be viewed with aſtoniſh- 
ment. In order to fire gun-powder, it muſt 
de made up into a ſmall cartridge, with blunt 
wires inſerted at each end, and brought with- 
in half an inch of each other, through which 
the ſhock muſt paſs: or a very ſmall wire may 
be drawn through the center of it, and the ex- 
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ploſion will be made by its melting. A com- 
— jar will eaſily ſtrike a hole through a 


thick cover of a book, or many leaves of 


per, and it is curious to obſerve the bur 
raiſed on both ſides, as if the fire had ae 
both ways from the center. 

A . ConSIDERABLE number of experi- | 
ments with an electrical battery ſome of 
which exhibit. fine appearances, will be 
particularly deſcribed | in the laſt part of the 


work. 


SECTION 


. air pump. 


dy only laying a finger upon the conductor, 
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SECTION m. 


ENTERTAINING EXPERIMENTS MADE BY 
A COMBINATION OF PHILOSOPHI- 
CAL INSTRUMENTS. 


N order to exhibit ſome of the fineſt elec- 
trical experiments, the operator muſt call 
to his aid other philoſophical inſtruments, 
Particularly the condenſing machine, and the 


IF the. fountain made by condenſed air be 
inſulated, and be made to emit one ftream, 
that ſtream will be broken into a thouſand, 
and equally diſperſed over a great ſpace 0 
ground, when the fountain is electrified; — 


and taking it off again, the operator may 
command either the ſingle ſtream, or the di- 
vided ſtream at pleaſure. In the dark, the 
electrified ſtream appears quite luminous, 
Taz greateſt quantity of electric light is 
ſeen in vacuo. Take a tall receiver very dry, 
and in the top of it inſert with cement a wire 
not very acutely pointed. Then exhauſt the 
receiver, and preſent the knob of the wire to 
the conductor, and every ſpark will paſs 
through the vacuum in a broad ſtream of 
light, viſible through the whole length of the 
receiver, be it ever ſo tall. This ſtream often 
divides 
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divides itſelf into a variety of beautiful rivu- 
lets, which are continually changing their 
courſe, uniting and dividing again, in a moſt - 
pleaſing manner. If a jar be diſcharged 
through this vacuum, it gives the appearance 
of a very denſe body of fire, darting directly 
through the center of the vacuum, without 
ever touching the ſides; whereas, when a 
ſingle ſpark paſſes through, it generally goes 
more or leſs to the fide, and a finger put on 
the outſide of the glaſs will draw it wherever 
a perſon pleaſes If the veſſel be graſped by 
both hands, every ſpark is felt like the pulſa- 
tion of a great artery, and all the fire makes 
towards the hands. This pulſation is felt at 
ſome diſtance from the receiver; and in the 
dark, a light is ſeen betwixt the hands and 
the glaſs. 

ALL this while the pointed wire is ſuppoſ- 
ed to be eleQrified poſitively ; if it be electri- 
hed negatively, the appearance is remarkably 
different. Inſtead of ſtreams of fire, nothing 
is ſeen but one uniform luminous appearance, 
like a white cloud, or the milky way in a 
clear ſtar-light night. It ſeldom reaches 
the whole length of the veſſel, but is ge- 
nerally only like a lucid ball at the end of the 
wire. | 
A veRy beautiful appearance of electric 
light in a darkened room may alſo be produc- 
ed by inſerting a ſmall phial into the neck of 
a tall receiver, ſo that the external ſurface of 
the glaſs may be expoſed to the vacuum. - The 

Vox. Il, M phial 


0 tp. ht, : 


| 


162 EXPERIMENTS wWiru 
phial muſt be coated on the inſide, and whil 
it, is charging, at every ſpark taken from 
the conductor into the inſide, a flaſh of light 
is ſeen to dart, at the ſame time, from 
every part of the external ſurface of the 
jar, ſo as quite to fill the receiver. Upon 
making the diſcharge, the light is ſeen to te- 
turn in a much cloſer body, the whole com- 
ing at once. | | 

Bor the moſt beautiful of all the experi 
ments that can be exhibited by the eleQri 
light is Mr. Canton's auRoRA BOREALIS, 
of which the following is but an imper- 
fect deſcription. Make a Torricellian u. 
cuum in a glaſs tube, about three feet long, 
and ſeal it hermetically, whereby it will be 
always ready for uſe. Let one end of thi 
tube be held in the hand, and the other ap- 
plied to the conductor, and immediately the 
whole tube will be illuminated, from end u 
end; and when taken from the condudor, 
will continue luminous without interruption 
for a conſiderable time, very often above: 
quarter of an hour. If, after this, it be 
drawn through the hand either way, tit 
light will be uncommonly intenſe, and witls 
out the leaſt interruption from one hand 
to the other, even to its whole length. At 
ter this operation, which diſcharges it in! 
great meaſure, it will ſtill flaſh at intervals 
though it be held only at one extremit) 
and quite ftill ; but if it be graſped by tit 
other hand, at the ſame time, in a ** 
| place, 


* 
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e, ſtrong flaſhes of light. will hardly 


ever fail to dart from one end to the — 
and this will continue twenty four hours, 
and perhaps much longer, without freſh exci- 
tation, Small and long glaſs tubes exhauſted 
of air, and bent in many irregular crooks 
and angles, will, when properly electriſied 
in the dark, beautifully repreſent flaſhes of 


lightning. 
I SHALL conclude this deſcription of en- 


tertaining experiments with an account of 


the manner in which Dr. Franklin and his 
friends cloſed the year 1748. The hot 
weather coming on, when electrical expe- 
riments were not ſo agreeable, they put an 
end to them for that ſeaſon, as the Doctor 
lays, ſomewhat humorouſly, in a party of 
pleaſure on the banks of the Skuylkil, 
Firſt, ſpirits were fired by a ſpark ſent 
from fide to ſide through the river, without 
any other conductor than the water. A 
turkey was killed for their dinner by the 
electrical ſhock, and roaſted by the electrical 
jack, before a fire kindled by the electrified 
bottle, when the healths of all the famous 
elericians in England, Holland, France, and 
Germany, were drunk in electrified bumpers, 
under a diſcharge of guns from the electri- 
cal battery *. 

Harry would the author of this treatiſe 
be to ſee all the great electricians of Europe, 


* Franklin's Lettere, p. 35 
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or even thoſe in England, upon ſuch an oc- 
caſion, and eſpecially after having made dif. 
coveries in electricity of equal importance 
with thoſe made in Philadelphia in the year 
referred to. With pleaſure would he obey 
a ſummons to ſuch a rendezvous, though it 
were to ſerve the illuſtrious company in the 
capacity of operator, or even in the more 
humble office of waiter. Chearfulneſs and 
ſocial intercourſe do, both of them, admir- 
ably ſuit, and promote the true 2 9p of phi- 
loſophy. 


: — 
is. Ma ry — * 2 : | 4 
* ry . * 
N . * \ . « y 4 1 
8 
* 2 


8 ; 


PART VI 


NEW EXPERIMENTS IX ELECTRICITY, 
MADE CHIEFLY IN THE YEAR 1700. 


SHALL; in the laſt part of this work, 
preſent my reader with an account of ſuch 
new experiments in electricity as this under- 
taking has led me to make. I hope the 
peruſal of this work may ſuggeſt many more, 
and more conſiderable ones to my readers, 
and then I ſhall not think that I written in 
Vain, - | * . 

To make this account the more uſeful to 
ſuch perſons as may be willing to, enter into 
philoſophical inveſtigations, I ſhall not fail to 
report the real views with which every experi- 
ment was made, falſe and imperfect as they 
often were. I was always greatly pleaſed 
vith the extreme exactneſs and ſimplicity of 
Mr. Grey, and ſhall, therefore, imitate his 
rtleſs manner. And though an account of 
experiments drawn up on. this plan be leſs 
calculated to,do an author honour as a philo- 
ſopher; it will, probably, contribute more to 
make other perſons philoſophers, Which is 
a thing of much more conſequence to the 
public. | 
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Max modeſt and ingenious perſons may 
be engaged to attempt philoſophical inveſt; 
gations, when they ſee; that it requires no 
more ſagacity to find new truths, than they 
themſelves are maſters of; and when they fe: 
that many diſcoveries have been made by 
mere accident, which may prove as favourable 
to them as to others. Whereas it is a great 
diſcouragement to young and enterpriſing 
geniuſes, to ſee philoſophers propoſing tha 
firft, which they themſelves attained to laſt; 
firft laying down the propoſitions Which 
were the reſult of all their experiments, and 
then relating the facts, as if every thing 
had been done to verify a true precpnceina 
theory. | 

Trrs ſnthetic method is, certainly, the 
moſt expeditious way of making a perſon un- 
derſtand a branch of ſcience ; but the'anahti 
method, in which diſcoveries were actually 
made, is moſt favourable to the progreſs of 
knowledge. A 

I HAvkE, indeed, endeavoured to make the 
whole preceding hiſtory of electricity uſeful 
in this view, by not contenting myſelf with 
informing the reader what diſcoveries hare 
been made; 'but, wherever it could be dont, 
acquainting him how they were made, and 
- what the authors of them had in view when 
| they made them. In general, this has not 
been difficult to do, the facts being recent, 
and moſt of the perſons concerned now liv- 
ing. * 0 in no branch of . 
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has there been leſs owing to genius, and more 
to accident; ſo that no perſon, who will give 
a little attention to the ſubject, need be with- 


no 
hey out hopes of adding ſomething to the com- 
ſee mon ſtock of electrical diſcoveries. Nay, it 
by WY would be extraordinary, if, in a great num 
able ber of experiments, in which things were put 


into à variety of new ſituations, no new. 


ſing fact, worth communicating to the public, 
aſt; Tus method I propoſe will, likewiſe, give 
ch the moſt pleaſure to thoſe perſons, who de- 


and light in tracing the real progreſs of the hu- 
ing man mind, in the inveſtigation of truth, and 
ved the acquiſition of knowledge; as I hope it 


will carry with it ſufficient evidence of its 


the own authenticity. For this progreſs, we may 
un- aſſure ourſelves, has, in all caſes, been by 
51 eaſy ſteps, even when it has been the moſt 
ally rapid. Were it poſſible to trace the ſucceſſion 


of ideas in the mind of Sir Iſaac Newton, 
during the time that he made his greateſt diſ- 
coveries, I make no doubt but our amaze- 
meat at the extent of his genius would a little 
ſubſide, | But if, when a man publiſhes diſ- 
coveries, he, either through deſign, or through 
habit, omit the intermediate ſteps by which 
he himſelf. arrived at them; it is no wonder 
that his ſpeculations confound others, and 
that the generality of mankind ſtand amazed 
at his reach of thought. If a man aſcend to 


iv- che top of a building by the help of a common 

nee ladder, but cut away moſt of the ſteps after 

has WY be has done with them, leaving only arg 
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ninth or tenth ſtep; ; the view of the "ladder, 
in the condition in which he has been pleaſed 
to exhibit. it, gives us a prodigious, but an 
unjuſt idea of the man who could have made 
uſe of it. But if he had intended that any 
body ſhould follow him, he ſhould have left 
the ladder as he conſtructed it, or perhaps as 
he found it, for it might have been a mere 
accident that threw it in his way. It is poſ- 

ſible he had even better have deſtroyed it in- 
tirely; as, in ſome caſes, a perſon would more 
eaſily make a new ladder of his own, than re- 
pair an old and damaged one. 

THrar Sir Iſaac Newton himſelf owed ſome- 
thing to a caſual turn of thought, the hiſtory 
of his aſtronomical diſcoveries informs us; 
and where we ſee him moſt in the character of 
an experimental philoſopher, as in his opti- 
cal inquiries (though the method of his treatiſe 
on that ſubject is by no means purely ana- 
lytical) we may eaſily conceive that many per 
_ ſons, of equal patience and induſtry (which 
are not called qualities of the underſtanding) 
might have done what he did. And were it 
poſſible to ſee in what manner he was firſt led 
do thoſe ſpeculations, the very ſteps by which 
he purſued them, the time that he ſpent in 
making experiments, and all the unſucceſsful 
and inſignificant ones that he made in the 
courſe of them; as our pleaſure of one kind 
would be increaſed, our admiration would 
probably decreaſe. Indeed he himſelf uſed 
candidly to acknowledge, that if he had done 


more than other men, it was owing rather 
: to 
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to a habit of patient thinking, than to any 
thing elſe. - 

[I do not ar theſe n to detract from 
the merit of the great Sir Iſaac Newton; but 
think that the intereſts of ſcience have ſuf- 
fered by the exceſſive admiration and wonder, 
with which ſeveral firſt rate philoſophers are 
conſidered; and that an opinion of the greater 
equality of mankind, in point of genius, and 
powers of underſtanding, would be of real 
ſervice in the -preſent age. It would bring 
more labourers into. the common field ; and 
ſomething more, at leaſt, would certainly be 
done in conſequence of it. For though I by 
no means think that philoſophical diſcoveries 
are at à ſtand, I think the progreſs might be 
quickened, if ſtudious and modeſt perſons, in- 
ſtead of confining themſelves to the diſcove- 
ries of others, could be brought to entertain 
the idea, that it was poſſible to make diſco- 
veries themſelves.” And, perhaps, nothing 
would tend more effectually to introduce that 
idea, which is at preſent very remote from 
the minds of many, in which it ought to have 


a place, than a faithful hiſtory of the manner 


in which philoſophical diſcoveries have actual- 
ly been made by others. 

Tur this fidelity has been reſerved in 
the following narrative, I make no doubt of 
its being its own voucher. Its imperfections 
will be a ſufficient evidence. The ſame fide- 
lity will atſo oblige me to relate ſeveral facts 
as appearing new to myſelf, which the courſe 
of the RR * will ſhow to — 

en 
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been diſcovered by others, though I was not 
then aware of it, Of ſuch after-diſcoveries, 
however, I have mentioned only thoſe which, 
it will be ſeen, I have purſued ſomething far- 
ther than the original authors, having attend- 
ed to circumſtances overlooked by them; or, 
at leaft, having made the experiments with 
more exactneſs, ſo that the reader may expect 
ſomething really new under every article. 
And the experiments which prove the ſame 
thing will be found conſiderably different 
from thoſe of others, and to furniſh addition- 
al arguments of the ſame general propoſitions. 
This repetition of old diſcoveries, and this va- 
riety in the experiments by which they were 
made, were both occaſioned by a ſituation 
which is more or leſs common to every elec- 
trician in England; whereby we are ignorant 
of a great deal of what has been done by others, 
In the following narrative will alſo be found 
an account not only of experiments which are 
complete, which exhibit ſome new fact, and 
from which ſomething relating to-the general 
theory of electricity may be deduced; but al- 
ſo ſome that are incomplete, which produced 
no new appearance, and from which nothing 
poſitive could be concluded; If electricians in 
general had done this, 'they would have ſaved 
one another a great deal of uſeleſs labour, and 
would have had more time for making expe- 
. riments really new, and which might have 
terminated in confiderable diſcoveries. Be- 
ſides, if things be really put into new ſitua- 
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from the experiment, at leaſt ſomething ne- 
gative may; and this, cannot be ſaid to be 
of no importance in ſcience; nor, ſtrictly 
ſpeaking, to be no new truth. A ſufficient 
number of theſe experiments may, in many 
caſes, lay a foundation for probable and poſi- 
tive concluſions. 

I MAKE no apology for leaving ſo many of 
theſe experiments imperfect, and for publiſh- 
ing this account of them before they have 
been purſued ſo far as it may, perhaps, be 
thought they deſerve. I rather think the 
generality of philoſophers ought to make an 
apology to the public, for delaying the com- 
munication of their experiments and diſcove- 
ries ſo long as they have done. It is poſſible 
I may never have any more leiſure or oppor- 
tunity to purſue them, and others may Kon 
command both; whereby the diſcoveries will 
be ſooner brought to their maturity, and the 
progreſs of this branch of philoſophy accele- 
rated, The genuine ſpirit of philoſophy is, 
| ſurely, not that of mechanics, who make the 
moſt of every little improvement in their arts, 
and never divulge them, till they can make 
no more advantage of them themſelves. If I 
could this. day communicate to any fellow- 
labourer a hint, which it was more probable 
he could immediately purſue to advantage 
than myſelf, I would not defer it till to-mor- 
row. Nor do think it is any great boaſt of 
a philoſophical indifference to fame to make 
this declaration. The great Sir Iſaac Newton 
ſeems to have had no idea of the purſuit of 
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fame.' He deferred the communication of his 
important diſcoveries through real. modeſty, 

thinking it impertinent to trouble the public 
with any thing imperfect. I make no pre- 
tenſions to that kind of modeſty. Whether it 
be of a true or a falſe kind, I think it mani- 
feſtly injurious to the progreſs of knowledge. 
Like thoſe who contended in one of the games 
of ancient Greece, I ſhall immediately deliver 
my, torch to any perſon who can carry it with 
More dexterity. If others do the ſame, 1 it may 
come into my hands again, ſeveral times, be- 
fore we reach the goal. 

IT may be faid, that I ought, at leaſt, to 
have waited till 1 had ſeen the connection of 
my new experiments with thoſe that were 
made before, and have ſhown that they were 
agreeable to ſome general theory of electrici- 
ty. But when the facts are before the public, 
others are as capable of ſhowing that connec- 
tion, and of deducing a general theory from 
them as myſelf. If but the moſt inconſider- 
able part, of the temple of ſcience be well laid 
out, or a ſingle ſtone proper for, and belong- 
ing to it be collected; though at preſent it be 
ever ſo much detached from the reſt of the 
building, its connection and relative import- 
ance will appear in due time, when the inter- 
mediate parts ſhall be completed. Every fat 
has a real, though unſeen connection with 
every other fact; and when all the facts be- 
longing to any branch of ſcience. are collected, 
the ſyſtem will form itſelf. In the mean 
time, our Sueſſing at the ſyſtem may be ſome 
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guide to us in the diſcovery of the facts; but, 
at preſent, let us pay no attention to the 
ſyſtem in any other view; and let us mutual- 
ly communicate every new fact we diſcover, 
without troubling ourſelves about the ſyſtem 
to which it may be reduced. / | 

I THINK I ſhall give the moſt diſtin view | 
of the few things that I have obſerved, in the 
ſhort courſe of my electrical experiments, if I 
relate them pretty nearly in the order in which 
they occurred, only taking care not to inter- 
mix things of a very different nature. The 
earlieſt date in my experiments is the begin- 
ning of the year 1766; when, in conſequence 
of forming an acquaintance with ſome gentle- 
men who have diſtinguiſhed themſelves for 
their diſcoveries in electricity, and of under- 
| taking to write the preceding hiſtory, my at- 
tention was firſt turned towards making ſome 
original experiments in this part of Natural 
Philoſophy, which had ſerved for my occa- 
ſional amuſement ſome time before. 


SECTION 


174 EXPERIMENTS ow. 


6 E T1 UN t 


ExrrxIMEN TS on EXCTTATION, PART 

 CULARLY OF TUBES IN WHICH AIR 1s 
CONDENSED, AND Or LARGE | GLAs% 
GLOBES; 


Fps by my own experiments, nd 
| thoſe of others, that a glaſs -tube, out 
of which the air was exhauſted, diſcovered no 
ſign of electricity outwards, but that all its 
effects were obſerved on the inſide; I ima- 
gined that, if the air was condenſed in the 
tube, it would operate more ſtrongly on the 


outſide; ſo that an additional atmoſphere 


would give it a double virtue; But the re- 
ſult was the very reverſe of my expeRa- 
tions. 

Som time in the month of January, when 
the weather was dry and froſty, I took a glaſs 
tube, ſuch as is generally uſed for electrify- 
ing, about two feet and a half in length, and 
an inch in diameter. It was eloſed at one 
end, and by means of a braſs cap at the 
other, I fitted a condenſing engine to it ; and 
when the tube was very dry, and in excellent 

order for making experiments, I began to 
throw in more air. At every ſtroke of the 
piſton I endeavoured to excite the tube, but 
found its virtue diminiſhed. It was obliged 

| to 
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to be brought nearer than before to attract 
light bodies, and gave leſs light when rubbed 
in the dark; till, as near as I could judge, I 
had got one additional atmoſphere into the 
tube, when its power was ſcarce diſcernible. | 
Letting out the air by degrees, I obſerved it 
gradually recovered its power. It attracted 
light bodies at a greater diſtance; it gave 
louder ſnappings, and more light 1 in the dark; 
and when the additional air was wholly let 
out, its power was immediately as great as it 
had been before any air was thrown it. 
This I tried ſeveral times with the lame ſuc- 
cels, 

CoMMUNi1CATING theſe eig to Dr. 
Franklin and Dr. Watſon, they ſuggeſted to 
me, that the non- excitation of the tube 
above mentioned might be owing to moiſture 
introduced along with the air, and adhering 
to the inſide of the tube. This conjecture was 
rendered more probable by another experiment 
had made in the mean time. : 

REPEATING my attempts to excite the 
tube above mentioned, I found that, after 
very hard rubbing, it began to act a little; 
and that its virtue encreaſed with the labour. 
Thinking it might be the warmth which pro- 
duced this effect, J held the tube to the fire, 
and found that when it was pretty hot, it 
would act almoſt as well as when it contained 
no more than its uſual quantity of air. I con- 
jectured that the warmth might expel the moiſ- 
ture from the ſides of the glaſs, or make the 
encloſed 
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| encloſed air capable of holding a greater 
quantity of water in a ſtate of perfect ſolu- 
\ tion. | Fr 
WiIIIIx to determine whether the addi- 
| tional quantity of air with the moiſture it oc- 
caſioned, acted in all reſpects like a non- 
electric coating, I tried the experiment with 
condenſed air, that Dr. Deſaguliers did with 
ſand. After condenſing the air, and finding 
the excitation of it impoſſible, as uſual, I let 
the air ſuddenly out, to ſee whether the tube 
would then ſhow any effect of the preceding 
Friction; but it had not acquired the ſmalleſt 
degree of eleQricity ; though the firſt ſtroke 
of the rubber, immediately afterwards, made 
it give ſparks to the finger at the diſtance of 
two and three inches. Perhaps the degree of 
- © moiſture it had contracted was very flight, and 
expelled by the act of excitation. 
Uron being deſired to repeat this experi- 
ment with a particular view to the moiſture ; 
I obſerved that not the leaſt cloudineſs could 
be perceived to adhere to the glaſs, at the 
time that it was abſolutely incapable of exci- 
tation. When one part of the tube was made 
warm, and the other left cold, the ſame ſtroke 
of the rubber would excite the warm part, 
without in the leaſt affecting the reſt. But ſtill 
the cold part of the tube appeared not in the 
leaſt more cloudy: than that which was warm; 
and the moment the air was let out, the firſt 
ſtroke of the rubber made the whole ſtrongly 
electrical. 


W1LLING 
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W1LLING to aſcertain whether the con- 
denſing of air neceſſarily introduced more 
moiſture into a glaſs veſſel than the air could 
hold in perfect ſolution, I 'conſtruQed a glaſs 
condenſer in ſuch a manner, that I could 
charge and diſcharge ſmall phials in the inſide: 
of it; concluding, that if the additional air 
brought more additional moiſture, it would 
be impoſſible to charge a phial at all in thoſe 
circumſtances ; whereas, if the air was free 
from moiſture, it would make the phial hold 
a greater charge, double in two atmoſpheres, 
treble in three, &c. Accordingly, I charged 
a tube about three quarters of an inch in dia- 
meter, and coated about eight inches, in the 
glaſs veſſel, containing about two atmo- 
ſpheres ; and it received a much greater charge 
than it could be made to take in the open air, 
and as near as could be judged, by the report 
and flaſh, twice as great. At laſt the tube 
burſt by a ſpontaneous diſcharge, after being 
charged and diſcharged three or four times, 
in the condenſed air. It is not at all proba- 
ble, that it could have been broke. by any 
charge it could have held in the open air. 
This experiment ſeemed to determine, that 
there was no very great degree of moiſture 
introduced into the glaſs veſſel by the conden- 
ſation of air. | 

I arTERWARDs found that experiments on 
condenſed air had been made by Mr. Du Fay 
and others, but not with all_the circumſtances 
above mentioned. Y 
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Some of my electrical friends are of opi. 
nion, that the reaſon why a tube with con- 
denſed air in it cannot be excited is, that the 
denſe air within prevents the electric fluid 
from being forced out of the inſide of the 
tube, without which none can be forced into 
the outſide; and that heating the tube makes 
the air within leſs electrical, and the tube alſo; 
in conſequence of which, it may more eaſily 
part with the fluid on one fide, and admits it 
on the other. But upon this principle hoy 
can a ſolid ſtick of glaſs be excited? 
IAG that a greater quantity of elec- 
trie fire would be produced from the friction 
of larger globes than thoſe of the uſual ſize, 
I provided myſelf on the 24th of April 1766, 
with a globe ſeventeen inches and a half in 
diameter, It had only one neck, and wa 
made exceedingly well; only being rather too 
large for the mouth of the furnace, a ſmall 
coal had ſtuck to its equatorial diameter, 
which, when it was ftruck off, made a ſmal 
hole in it. This, in ſome meaſure, disfigur- 
ed the globe, but I never imagined it could 
prevent its excitation in any great degree; ſo 
that I ſtill indulged hopes of acquiring, by its 
means, a prodigious power of electricity. But 
what was my ſurprize when, after. I had got 
it mounted in the beſt manner poſſible, and 
after trying, for hours together, every me- 
thod of friction, in the moſt favourable cit- 
cumſtances for excitation, I could ſcarce get the 


appearance of fire from it; the ſparks . 
e 
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the prime conductor being barely viſi- 
ble. aa; | | 


appointment, he adviſed me to get the firſt 
coat of the globe taken off with emery ; as it 


would not work well, till after a conſiderable 
time, when the glaſs-houſe coat, as it may be 
called, is worn off. This operation I accord- 


borious it proved; which greatly increaſed my 


diſappointment, when I found that it had all 


been labour in vain, for the globe had no 
more electrical power than before. 


May, got another, about fourteen inches in 
diameter. In blowing this globe, every cir- 


told, that globes made in that ſtate of the 
metal were always the beſt for electrical pur- 


hen the workmen ſay the metal is moſt 
tranſparent, and freeſt from all kinds of im- 
perfetions. The former was warmed, in the 
courſe of making it, in a place in which 
wood and coals were frequently thrown, to 
Keep up the heat. This was kept free from 
0 the fumes of any fuel whatever. Nothing 

* could be finer than the metal of this globe, 
N 2 nothing 


AcquarnTinNG Dr. Franklin with my diſ- 


had often been obſerved, that many globes 


ingly performed upon it, and incredibly la- 


DisPAIRING of making any thing cf this 
globe, I laid it afide, and, on the. 22d of 


cumſtance that I could imagine had, in the 
leaſt, contributed to my ill-ſucceſs with the 
former, was carefully avoided. The former 
was made late in the week, when the metal 
had been long in fuſion ; becauſe I had been 


poles, This was blown early in the week, 


F 
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nothing more perfect in its form. It was alſo 
very well mounted, and I did not doubt of | 
ſucceſs, But, after all, this globe, if poſſi- | 
ble, gave leſs fire than the former. I had re- | 
courle to every method of excitation that [ 
had ever heard of, or could myſelf imagine, 
but all in vain, The thing looked like en- 
chantment. $27 | ] 
 WuiztsT I was thinking over every thing 
that I could imagine might poſſibly be the 
the cauſe of my ill ſucceſs with theſe globes, | Wi | 
recollected, that another globe, which 1 had t 
got made for a friend, in the ſame ſtate of the. 
metal with my laſt, and only an inch and half . 
leſs in diameter, ated exceedingly well; and WW i 
that there was no other apparent difference { 
between them, but that his had two neck, Wi < 
and an axis quite through it; whereas mine t 
had only one neck, and no axis at all. Will- | 
ing to try every thing, I refolved to get the c 
braſs cap of my globe perforated, and a ſmall f 
wire introduced, to ſerve inſtead of an axis. Wi © 
This was done; but, in making the perfora- 
tion, it happened, unfortunately, as I then Wi a 
thought, but the moſt fortunately in the WW 
world as it proved, that a lump of hard ce- Wt! 
ment, about the bigneſs of a ſmall walnut was il © 
, puſhed into the inſide of the globe. Vexa- Bll Þ 
tious as this circumſtance was, I was impa- lh © 
tient to try my new experiment, and imme- d 
diately began to. whirl the globe, with thi 
ſuccedaneum of an axis, though the cement 
was all the while rattling, and fouling the ll » 
inſide. 5 1 
3 | | IAA 
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T nap not whirled the globe long, in theſe 
circumſtances, before I plainly perceived that 
its power increaſed. After ſome time it was 
pretty conſiderable, and I did not doubt but it 
was owing to the axis; nay I had formed a 
pretty plauſible theory, to account for an axis 
being neceſſary to a globe of ſuch a ſize, Will- 
ing, however, to verify the fact, and aſcer- 
tain my new hypotheſis, I took out the wire; 
but, to my ſur found the virtue of the 
globe not at all diminiſhed. On the con- 
trary, it continued increaſing, and by the 
time that the cement was well broken, and 
diſperſed, ſo as to have given à kind of lin- 
ing to the globe, it power was exceedingly 
ſtrong, and it ated as well as any globe I had 


| ever ſeen. In this ſtate, I obſerved, that af- 


ter exciting any part of the ſurface, the ſmall 
pieces of cement in the inſide, to the diſtance 
of about two inches, would jump from the 
finger, or any conductor, preſented on the 
outſide. "oo 92 F ; FR 
Having, in this manner, made 
a perfect cure of this ſmaller globe, I re- 
mounted the larger, and confidering, that 
the cement could probably act only as. any 
other electric lining, I introduced into it ſome 
pounded ſulphur, mixed with ſome flower 
of brimſtone; and found that, as ſoon as 
there was enough to render it ſemi-opaque, it 
ated very well. 2 10 
In this ſtate, the appearance of the globe 
was, in ſeveral reſpects, very remarkable. 
The part. that was rubbed had none of the 
3 N 3 ſulphur 


- 
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ſulphur upon it, except thoſe places where the 


poliſh had been, in ſome meaſure, taken of 
by the emery, in the firſt operation. Thek 
being circular, the. brimſtone lay upon then, 
like the belts of Jupiter. The hemiſphere 
oppoſite to the neck had twice as much ful. 


phur upon it as the other; and, in both he. 


miſpheres, the ſulphur lay thicker, as it reced- 


ed from the equatorial diameter. , ' 
I AFTERWARDS put as much more ſulphur 
into it, which doubled the lining equally ever 


where; but left two or three great heaps, in 
particular parts of the equatorial diameter, 
where it was rubbed, and where I could per 

ceive no defect of poliſh. Whirling the globe, 


upon this, I found the virtue almoſt quite 
gone, and even the amalgam could not re- 


vive it. Endeavouring to take the ſulphur 


out of the globe, I broke a-great hole into it 
and alſo the new globe was broken the ſane 


day, by a lump of hard cement, in the in- 


* 


ſide, falling from the top to the bottom, 
Theſe accidents rendered my experiments in- 
complete. 13 1 20185 5; 

I THEN propoſed to get another large globe, 
with one neck, and a large hole in the oppo- 


ſite ſide; by means of which I could eaſily put 


different ſubſtances into it, and take them out 


again, in order to find the cauſe of the appeat- 
ances above mentioned. But apprehending 


this courſe of experiments might prove a lit 


too expenſive, and after all, terminate in no- 
thing, I unwillingly deſiſted. | 


IT s8HaALL 
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TI 8HALL add to this ſection, on the ſubject 


of excitation, that I once whirled a very thin 
globe, about fix or ſeven inches in diameter, 


which was made to weigh air, and not one 


fourth part ſo thick as a common Florence 
flaſk.” It was excited very powerfully by a 
piece of leather which had been ſoaked in a 
mixture of tallow and bees wax, and into 
which a quantity of amalgam had been work- 
ed. With this globe I could make my com- 
mon jar diſcharge itſelf over more than five 
inches of the external ſurface, which I reckon 


tobe a conſiderable proof of its power. It 
ſeems to follow from this experiment, that 


the thinneſs of glaſs globes, or tubes, is by no 


means any obſtruction to their electrie power. 


In the courſe of theſe experiments I had 


read Mr. Bergman's account of his curing- a 
globe by a lining of melted ſulphur, and had 


poſed to try that in the laſt place, on ac- 
count of the diſagreeable operation ; but found 
it ſuperſeded in the manner deſcribed above, 
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SECTION n. 


EXPERIMENTS WHICH PROVE A CURRENT 
OF AIR FROM THE POINTS or BODIES 

© ELBCTRIFIED EITHER / POSITIVELY OR 
NEGATIVELY, 


URING a courſe of electrical experi- 
ments, made to divert ſome of my 


friends, one of the company happened to 


_ preſent a pointed wire to my hand, as I was 


ſtanding upon an inſulated ſtool; when I was 


ſurpriſed to perceive a cool blaſt proceeding 
from it; though, according to Dr. Franklin's 


theory, the current of the fluid went from m 
hand to the point. I then preſented my noſ- 


trils to the point, and perceived the ſame 
ſtrong phoſphoreal ſmell, as if the point had 
been electrified poſitively. Theſe facts made 
me entertain ſome doubts about the direction 
of the current, and the principles of Dr. 
Franklin's theory, and led me to the follow- 
ing courſe of experiments; which prove no- 
thing againſt that theory, but eſtabliſh a real 
current of air from the points of all electrified 
bodies. 

ConsIDERING that flame is the leaſt ſenſibly 
affected with electrical attraction or repulſion, 
but moſt eaſily with the leaſt breath of air; 


and not abting at that time, but that the 


current 


- 
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current of air would be in the direction of the 
fluid, being, as it were, impelled by it; I 
preſented the flame of a candle to a pointed 
wire, electriſied negatively, as well as poſi- 
tively. The blaſt was ſo ſtrong (in both caſes 
alike) as to lay bare the greateſt part of the 
wick, the flame being driven from the point; 
and ſometimes a pretty large candle would be 
actually blown out by the blaſt. But, in 
all caſes,” the effect was the ſame whether the 
electric fluid iſſued out of the point, or en- 
tered it. 

PLACING the flame between two points, 
one of which communicated with the prime 
conductor electrified poſitively, and the other 
with the floor, the flame was blown from 
that which communicated with the conductor 
upon the other, but not to ſo great a diſtance 
as if the other had been away. Changing 
the points, the effect was ſtill the ſame, 
whether that which communicated with the 
conductor was the more ſharp, or the more 
blunt of the two, the 1 always receding 
from it. | 

ReveRsSING this experiment, and making 
one of the points communicate with the rub- 
ber, and the other with the floor, the flame 
was always blown from the former towards 
the latter. It was evident, however, that the 
point which communicated with the floor had 
a eurrent of air blowing from it likewiſe; for 
it counteracted the other, and would, when 
brought near . the * raiſe it almoſt per- 


7 pendi- 
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pendicular, when it had been blown quite aſide 
by the other.. 

PrAcixd the flame berwben- two-/points, 
one of which communicated with the rubber, 
and the other with the conduQor, it 'was 

equally affected by both, being always 

blown from the Point which was neareſt 
0 MM. | 
Ir was very obſervable, that, notwith- 
ſtanding the current of air from the points 
affected the flame fo remarkably; yet a ſmall 
portion of it, when it was brought very near 
the point, would be ſtrongly attracted by it, 
at the ſame time that the greateſt part of the 
flame was, by the current of air, blown the 
contrary way. This effect was always the 
ſame, whether the point was electrified poſi- 
tively or negatively; though, I fancied that 
the negative point attracted the flame more 
ſenſibly than the other. 

 /AFTERWARDs [I diverſified this experiment 
in the following manner. I charged the in- 

tide of a ſmall jar poſitively,” then ſetting it 

upon a glaſs ſtand, in contact with a pointed 
wire, I placed the flame of a candle within an 
inch of the point, and touched the wire of the 
jar, with a braſs rod which I held in my hand. 

At every touch the flame was blown ſtrongly 

from the point. Sometimes it would be 
blown out; but another point being held op- 

poſite to it, would ſupport the flame; and 
more ſtrongly, if that point was joined with 


the rod with which 1 touched the wire of 
| the 
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the jar. Charging the jar negatively in the 
inſide, all the effects were the very ſame. 
Diſcharging the jar through the points, with 


the flame in a right line between them, it was 


diſturbed, but not blown to one ſide more than 
the other. 


To take off all the effect of the electrical 


attraction and repulſion, and leave the cur- 
rent of air to act ſingly, I interpoſed pieces of 


braſs wire communicating with the earth, be- 
tween the points of the wire and the flame; 


and found the blaſt to be rather increaſed than 
_ diminiſhed thereby. 


Having communicated theſe experiments 


to Dr. Franklin, he adviſed me to try the 
force of this current upon paper vanes, ſuch 
as he has deſeribed in his letters: for, with 
him, they ſeemed to turn one way or the 
other indifferently, juſt as they happened to 
ſet out. Accordingly I took a cork, and ſtuck 


into the ſides of it thirteen vanes, each being 
half a card, well dried, and each proceeding 
from the center of the cork. Into the cork I 


ſtuck a needle, by which I ſuſpended the 


whole on a magnet. 
Tus vanes I held two or three inches 
from the point of a wire, communicating 


with the outſide coating of the jar, placed 


upon an electrie ſtand, in the manner de- 
ſeribed above; and obſer ved, that whenever I 
took a ſpark from the wire communicating 
with the inſide, the vanes were ſtrongly 
blown upon, and made to turn, as if the cur- 
rent of air had flowed from the point ; at the. 
| lame 
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ſame time that, according to Dr. Franklin's 
theory, the electric fluid was entering it. If 
they were made to turn the contrary way, 
the current ſoon ſtopped them, and never fail- 
ed to bring them back, and make them move 
as before. 

Wren wires communicating with the floor 
were placed between the vanes and the point, 
to take off all the electrical attraction and re- 
pulſion, the vanes ſtill moved as heiſkly as 
ever. 

WHEN the jar was charged pretty high, the 
motion might be made ſo ſwift, that the ſepa- 

rate vanes could hardly be eee as 

the whole ſet turned round. 

I MokEoveR obſerved, that the vanes were 
turned very briſkly, not only when held near 
the point, but alſo when held any where 
within the diſtance of fix or ſeven. inches 
from the ſides of the wire, which 1 made 
ſometimes. of a conſiderable length. The 
ſtream would turn the vanes one way on one 
ſide of the wire, and the contrary way on the 
other ; and being removed quickly to the dif- 
ferent ſides, the direction of their courſe might 
be changed ſeveral times, in the diſcharge of 
one ſmall jar. 

I MAE points to project two ways at the 
ſame time, and obſerved, that the ſtream was 
the ſame from both, and alſo when the points 

Vere made to project at right angles from one 
another. In this poſition of the wires, it was 
amuſing to obſerve, that the vanes would 
move one way, when held near one of the 

a” wires; 
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wires; and immediately turn about and move 
the contrary way, if removed near the other. 

HiT@ERTo I had made my vanes of very 
dry paper, in order to make them leſs affect- 
ed by electrical attraction and repulfion, that 
ſo the current of air might be the more indif-" 
putable; but Mr. Canton deſiring me to try 
vanes that were conductors, I firſt dipped my: 

r vanes'in water, and afterwards made a 
ſet of tinſel, or thin pieces of braſs, of the ſame 
form with the other. Theſe vanes, being con- 
ductors of electricity, promoted a freer current 
of the electric matter, and conſequently, occa- 
ſioning a greater motion to be given to the 
air, they whirled about with more rapidity 
than the former. When they were inſulated, 
they were affected juſt as the dry paper vanes 
had been. Pr 

Winx theſe vanes, I diverſified the experi- 
ment in a manner which ſhowed the ſameneſs 
of the current, notwithſtanding the change of 
electricity, in a clearer manner than before. I 
inſulated a jar, with a wire projecting from 
the coating, and held the tinſel vanes near the 
extremity of it. All the time the jar was 
charging, the vanes turned with great rapidi- 
ty, as if by a blaſt from the point. Keeping 
the jar, the pointed wire, and the vanes in the 
lame ſituation, the gradual diſcharge of the 
Jar, made by now. and then touching the wire 
which communicated with the inſide, made 
the vanes ſtill turn the ſame way, and, as far 
as could be perceived, with the ſame on | 
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To diverſify this experiment, I placed a- 
charged jar upon a ſtool which had glaſs feet, 
a pointed wire projecting from the coating, 
a quantity of braſs duſt before the point, and a 
braſs chain communicating with the ground 
on the other ſide of the duſt. In this ſituation 
every attempt to diſcharge the jar threw a con- 
 ſiderable quantity of the duſt from the point, 
being raiſed about ſeven or eight inches, and 
blown to a conſiderable diſtance. Removing 
the pointed wire from the coating of the jar, 
and connecting it with the chain, the ſame at- 
tempt to diſcharge it blew the duſt upon the 
jar. Ufing two points, one at the jar, and 
the other at the chain, the duſt was diſturbed, 
and raiſed up, but not blown one way more 
than the other. Fine flour anſwered nearly 
as well. ] 

.LasrLYy, I made the experiment of the 
current with vanes in the form of a ſmoke 
Jack, which anſwered as well -as the others. 
They were moved when held more than a foot 
above the point, and likewiſe at a confider- 
able diſtance below it, when it was turned 
downwards. i; 

AFTER theſe experiments, I read in Mr. 
Wilſon's treatiſe on electricity, that the vanes 
would not turn in vacuo. This I tried, and 
found it to be true, and at the ſame time 1 
found, they would not turn in a cloſe receiver, 
not exhauſted, where the air was confined, 

and had not a free circulation. 
Tax current of air from the points of bo- 
dies electrified plus or r minus, is not more dif- 
ficult 
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ficult to be account for on Dr. Franklin's hy- 
potheſis of poſitive and negative electricity, 
than any other caſe of electrical repulſion, The 
particles of the atmoſphere, near the points of 
electrified bodies, having, by their means, be- 
eſſed of more or leſs than their natural 
thare of the electric fluid, muſt, according to 
the- rule above mentioned, retire to places 
where they can diſcharge or repleniſh them- 
ſelves, as occaſion may require. If it be aſk- 
ed why the particles of the atmoſphere do not, 
in the ſame manner, recede from all the parts 
of the electriſied body, as well as from the 
points it is anſwered, that, as theÞreſſure 
of the atmoſphere will prevent a vacuum, and 
as electrical attraction and repulſion are moſt 
powerful at the points of bodies, on account 
of the eaſier entrance or exit of the fluid at the 
points (upon whatever principle that effect de- 
pends) the electrified atmoſphere (whether ne- 
we or politive makes no difference). muſt 
y off at the points preferably to any other 
places, and the weight of the atmoſphere will 
force the air of the neighbouring places upon 
the flatter parts of the electrified conductor, 
notwithſtanding the real endeavour | it may 
have to recede from it. 
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-SECTION Ul. 
ExPERIMENTS ON FIXED AIR, ann CHAR- 
_ COAL. 


R. FRANKLIN, to whom I had com- 
municated ſome imperfect experiments 

on the electricity of noxious air, recollected 
them when he was this laſt ſummer at Pyr- 
mont, where a large body of fixed air always 
lies upon the ſurface of the e ſpring (for 
this air is evidently ſpecifically heavier than 
common air, and does not eaſily mix with it) 
but not having a proper apparatus, and the 
company there making experiments inconve- 
he did nothing that was deciſive; 
though, from the little that he had an oppor- 
tunity of doing, he i 
a conductor: and I have ſince found that this 
| ſuppoſition was juſt. A charged phial may 
be dipped into a body of fixed air, reſting on 
the ſurface of a fermenting vat, without being 
difcharged. If two equal phials, however, be 
_ equally charged at the ſame time, and one of 
them be plunged into the fixed air, and the 
other kept out of it; the latter will always re- 
tain the charge longer than the former, which 
will ſometimes retain it but a very ſhort time; 
5 2 as I ſuppoſe, to the moiſture, which is 
readily abſorbed by the fixed air. 
5 EY . IAIsO 


ined that it was not 
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-- Tars0-found inflammable air to be the 
fame as common; or fixed air, with reſpect 
to the power of conducting electricity. 

Tus experiments on fixed air, imperfect. 
13 they were, led, however, to a diſcovery, 
which may: poſſibly throw ' ſome new light 
upon ſome of the oſt fundamental principles 
of electricity. | 

B81NG) at” mh time bot little acquainted 
with the nature of air, "imagining, that fixed 
air only was unfit for reſpiration, and know- 
ing that air was moſt injured by burning char- 
coal, I thought of trying charcoal itſelf in 
ſubſtance. Accordingly, on May the 4th, 
1766, I tried — in a variety of ways 
and ſtates; and found it to be, what I had ſuſ- 
pected, an excellent conductor of electricity. 

PRESENTTING a piece of charcoal to the 
prime conductor, together with my finger, or 
a piece of braſs wire, I conſtantly obſerved, 
that the electric ſpark ſtruck the charcoal be- 
fore either of the other conductors, if it hap- 
pened to: be advanced ever fo little before 
them. Having a very rough ſurface, the 
charcoal did not take a denſe ſpark from the 
conductor, till it was made a little ſmooth, 
and brought within about half an inch; when, 
to all appearance, it did quite as well as any 
piece of metal, there being a conſtant ſtream 
of denſe and white electric fire between the 


conductor and it. I tried the charcoal in every 


ſtate of heat or cold, and found no alteration. 


of 1 its conducting power. | 
"= II. O I eLACED 
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_yLAopD 4 great number of pieces of char- 
coal, not leſs than twelve or twenty, of vari- 
| ous ſizes, in a circuit, and diſcharged a 
common jar through them; when, to all ap- 
pearance, the diſeharge was as perfect, as if 
ſo many pieces of metal had been placed in 
the ſame manner. Two of the pieces, about 
the middle of the circuit, I placed about an 
inch and a half from one another; but, upon 
the diſcharge, the ſpark paſſed the interval 
very full and ſtrong. A piece of charcoll 
alſo made the diſcharge at the wire with one 
park, but the report was not ſo loud as when 
the diſcharge was made with a piece of metal, 
It was obſervable, that a black groſs fmoke roſe 
from between each of the pieces of charcoal 
at the moment of the diſcharge ; but the ig- 
nition was momentary, and the fire could not 
be perceived on the charcoal. 
. To make the experiment of the conducting 
power of charcoal in the moſt indiſputable 
manner, I took a piece of baked wood, which 
I had often uſed for the purpoſe of infulation, 
being an excellent non- conductor, and put- 
ting it into a long glaſs tube, I thruſt it into 
the fire, and converted it into charcoal. In 
+ this operation, a vety great quantity of grols 
fmoke roſe from it, fo that, ſeeming to part 
with more of its moiſture, one would have ex · 
| pected it would have come out a. better non- 
conductor; but, upon trial, its electric pro- 


perty was quite gone, and it was become 4 
very good CONNECT: | 
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Taz experiments. above mentioned were 
firſt made with wood charcoal, of which I 
found pieces of very different degrees of 
conducting power; but the moſt perfect con- 
ductors I have found of this kind are ſome 
pieces of pit charcoal. Theſe ſeem to be, in 
all reſpects, as perfect conductors as metals. 
They receive a ſtrong bright ſpark from the 
prime conductor, though ſeldom at above an 
inch diſtance, on account of the roughneſs on 
their ſurface, which cannot be taken off; 
and in diſcharging a jar through them, or 
with them, no perſon can imagine any diffe- 
rence between them and metal, either in the 
colour of the electric ſpark, or the ſound 
made by the exploſion. When they are 
broken, they exhibit an appearance which 
very much reſembles that of broken ſteel. 
There is however a great variety in the elec- 
trical properties of different pieces of this kind 
of charcoal; and for want of proper oppor- 
tunity T have not yet ſucceeded in aſcertain- 
ing, with ſufficient certainty, the circum- 
ſtances, in the preparation, &c. on which this 
variety depends. | 8 
I wouLD have preferred the examination 
of wood charcoal on many accounts; parti- 
cularly, as the ſame ſubſtance is, in this caſe, 
converted from a perfect electric to a perfect 
conductor; and all the degrees of conductin 
power may be found in different ſpe-imens of 
it; whereas pit coal is itſelf a conductor, 
though an imperfect one; but not having 
any opportunity, I procured ſpecimens of all 
ES O 2 | the 
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the varieties I could imagine in the ſame 
heap of pit charcoal, with reſpect to their 
nearneſs or diſtance 4 9 the ſurface, &c. 
but though I examined them with all the care 
and attention that I could apply, and in every 
method that I could think of, the differences 
were ſo exceedingly ſmall, if any, that I could 
not fix upon any circumſtance that J could de- 
pend upon for the cauſe of them. 

Even common cinders from an open fire, 
of the kind of coals which we generally burn, 
Ind to be very little inferior to charcoal; 
which is ſuffered to flame, but covered very 
cloſe as ſoon as it is well burnt, and before 
any, aſhes are formed. Coals and cinders 
from a common fire, being a very commodi- 
ous ſubject for experiments, I did not fail to 
make as many upon them as I could imagine 
would be of any uſe ; except that I had no 
opportunity of trying a ſufficient variety of 
coals. T took ſeveral out of the fire after they 
had done blazing, ſome of which J covered 
with aſhes, ſome I quenched in water, and 
ſome I left to cool in the open air. I alſo re- 
duced ſome of the coals to cinders in a glaſs 
veſſel, without ſuffering them to flame; and 
1 treated in the very ſame manner various 
Pieces of oak, cut from the ſame plank ; but 
when I examined them, T found their diffe- 
rences, with reſpect to their power of con- 
ducting electricity, very inconſiderable, if 
any. I thought the cinder of a coal which 
we call kennel, and which is remarkable 
for flaming much while it burns, to be 
a bet- 
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à better conductor than a cinder. from 'a 
common coal: but the difference might be 
owing to its more uniform texture, and 
ſmoother ſurface. Charcoal made of coals 
which yield a ftrong ſulphureous ſmell when 
they are burnt, and of which the charcoal it- 
ſelf is not quite diveſted, was, to all appear- 
ance, as good a conductor as that of the other 
kind, which is more eſteemed. 

In this courſe of experiments I found my- 
ſelf much at a Joſs for a ſufficiently accurate 
method of aſcertaining the difference of con- 
ducting ſubſtances, and I wiſh that electrici- 
ans would endeavour to find ſuch a meaſure. 
One of the beſt that I am acquainted with, 
and which I applied among others on this 
occaſion, is by the reſiduum of diſcharges, 
meaſured by Mr. Lane's ele&rometer. It is 
well known, that the worſe the conductors 
are that form the circuit, the greater the re- 
ſiquum will be left in a jar after a diſcharge ; 
and Mr. Lane's electrometer, which meaſures 
an exploſion, will likewiſe meaſure the reſi-, 
duum. To apply this method with accu- | 
racy, I put pieces of charcoal, &c. (of the 
ſame length into the circuit, I uſed the very 
ſame chain in every experiment, and the 
lame difpoſition of every part of the appara- 
tus; Lalſo made the exploſions exactly equal, 
and after every diſcharge completed the cir- 
cuit by the chain before I took the reſiduum; 
and laſtly, [ was careful to take up the ſame 
time in each operation, which I repeated very 
ollen This method of meaſuring the con- 
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NN power of ſubſtances earned of Mr 
4, 
- In the proſecution « of theſe experiments on 
charcoal, I burned a piece which I had found 
to be a moſt excellent conductor, firſt be- 
tween two crucibles, and then in the open 
fire, and' tried it at different times till it 
was almoſt burned away; but, contrary to 
my expectations, I found its property very 
little diminiſhed. I was, likewiſe, ſurpriſed 
to find that ht, whether of wood coal, «« 
pit coal, hardly conducted at all. I made fie 
or {ix inches of the ſoot of pit coal part of the 
electric circuit, which completed the commu- 
nication between the inſide and outſide of a 
charged jar for ſeveral ſeconds; and yet found 
the charge not much diminiſhed. A piece of 
wood ſoot, which is a firm ſhining ſubſtance, 
which does not ſoil the fingers, and which 
ſeems. to break in a poliſh in ſeveral places, 
would hardly conduct any part of a charge in 
the leaſt ſenſible degree. When rubbed againſt 
my hand, or my waiſtcoat in froſty weather 
[though it was difficult to find any part of it 
that was large and ſmooth enough for the 
purpoſe) I more than once thought it attrad- 
ed the thread of trial. The ſnuff of a candle 
would not conduct . a ſhock, though it wa 
placed in the middle of the circuit, and it 
was eaſily ſet on fire by the exploſion of 2 
{mall jar. 
Bur notwitſtanding my want of ſucceſs, l 
make no doubt, but that any perſon of ww 
able agacity, who has an opportunity of mak- 
8 . ing 
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ing experiments in a laboratory, where he 
could reduce to a coal all kinds ſubſtances, in 
every variety of method, might very ſoon aſ- 
certain what it is that makes charcoal a con- 
ductor of electricity. In all the methods in 
which I could make charcoal, the fume of 
the bodies was ſuffered to eſcape; but let trials 
be made of ſubſtances, reduced to x coal 
without. any communication with the open air, 
or where the vapours emitted from them ſhall 
meet with different degrees of reſiſtance to 
their eſcape, aſcertained by actual preſſure. 

Cu AR cOAI, beſides its property of con- 
ducting electricity, is, on many other -ac- 
counts, a very remarkable ſubſtance; bein 
indeſtructible by any method, beſides burn- 
ing in the open air; and yet it ſeems not to 
have been ſufficiently ſtudied by any chymiſt. 
A proper examination of it promiſes very fair, 
not only to aſcertain the cauſe of its conduct- 
ing, and, perhaps, of all conducting powers; 
but to be an opening to various other impor- 
tant diſcoveries in chymiſtry and Natural Phi- 
loſophy; and the ſubject ſeems to be fairly 
within our reach. * 

PIT coAL, and probably all other ſub- 
ſtances, at the ſame time that they loſe muck 
of their weight, increaſe conſiderably in their 
bulk in the operation of charring. Does it 
not ſeem to follow from hence, that its 
conducting power may poſhble be owing 
to the largeneſs of its pores, agreeable to 


the hypotheſis of Dr. Franklin, that electric 
| O 4 ſub- 
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ſubſtances have exceeding. ſmall pores, which 
diſpoſe them to break with a poliſh. 

Ox, ſince the calces of metals, which are 
electric bodies, become metals, and condue- 
tors, by being fuſed in contact with charcoal; 

- are not metals themſelves conductors of elec⸗ 
tricity, in conſequence of Dang they get 
from the charcoal? 

Tris courſe of experiments, however 
evidently overturns one of the earlieſt, and, 
hitherto, univerſally received maxims in elec- 

_ tricity, viz. that water and metals are con- 
ductors, and all other bodies non-conduQors: 
for we have here a ſubſtance, which is clearly 
neither water, nor a metal, and 8175 a good 
conductor. 

N. B. 1 HAvx ſince found that it is the ds 
gree of heat with which charcoal is made, on 

which the degree of its conducting poder de- 
pends. An account of this and other obſerr- 
ations on charcoal may be ſeen in a * of 
mine on the ſubject . xg, 50 
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ExPERIMENTS ON THE CONDUCTING 
POWER or various SUBSTANCES.. | 


INDING ſome contrariety of opinion 
among electricians about the nature of 
Ice, ſome ſaying it was a conductor of elec- 
tricity, and others a non- conductor, ſo as 
even to be capable of being charged like glaſs, 
I took the opportunity of a pretty ſevere froſt, 
in the month of February, to aſſure myſelf of 
the fact. 
In order to this, I took a large piece of 
ice, waſhed it very clean, and fcraped off all 
the ſharp points about it. After this, when 


it was again perfectly frozen, I inſulated it, 


at night, in the open air, whither I had car- 
ried my machine on purpoſe, at the ſame time 
that it was freezing intenſely. | | 
Wurx, by drawing a "RAVE over its ſur- 
face, I found it be perfectly dry, I electriſied 
it, and fetched large fparks, not leſs than an 
inch in length, from all parts of it. I charged 
a jar at it, almoſt as well as at the prime con- 
ductor; I alſo diſcharged the jar through it, 
and along the ſurface of it, in ſeveral places; 


ſo that I had no doubt, but that ice was, near- 


ly, as good a conductor of electricity as ag 


took 
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took a charged jar into the open fields; and, 
by means of a great length of chain, diſ- 
charged it along a large ſurface of ice on a 
pond, whilſt the ſurface was very. dry, and 
the froſt continued very intenſe. But the ice 
being not ſo good a conductor as metal, if 
the chain communicating with the outſide of 
. the jar happened to lie five of fix inches from 
the knob of the wire communicating with 
the inſide, the fire would ſtrike to the chain, 
along the ſurface of ar ice, without enter- 
| 20g it. 

SNOW is evidently not fo good a conducto 
as ice; probably becauſe its parts do not lie 
An conta wn one other, as thols of 


ice. 


FinDING alſo that n were not per- 
feclly agreed about the conducting power of 
hot gase and that the methods which had been 
uſed to prove it were liable to objection; ſince, 
vhen the electricity was communicated along 
the outſide of the glaſs, it might be ſaid that 

the hot air, and not the hot glaſs was the con- 
ductor; it occurred to me, that the following 
experiment would determine this affair, in 2 
more ſatisfactory manner than it bad hitherto 
been done. 


_ PROCURED a glaſs. tube, about four feet 


Jong; and, by means of mercury in the in- 
; fade, and tinfoil on the outſide, 1. eharged 
about nine inches of the lower part of it. 
Then carefully ſlipping off the tinfoil, and 
 Pouripg out the mercury, 1 heated the ag? 
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ed WS of the glaſs red-hot; and found, 
upon. replacing _ coating, that it was diſ- 
charged. 

I apt the 8 ſecond time, with 
the fame ſucceſs; ſo that I had no doubt, but 
that glaſs, when red-hot, was pervious to the 
eleqric fluid. t could not have gone round 
from the inſide to the outſide, without going 
over a ſurface of ſix feet of glaſs, the greateſt 
part of which was kept very cold, and all of 


it exceedingly dry 


'THaT the charge had not been loſt by 
changing the quickſilver was evident: for 
when | repeated that. part of the experiment, 
without heating the glaſs, the charge was 
found to be very little diminiſhed. 

SoMe time after, when I was preparing 
ſome baked wood for the purpoſes of inſula- 
tion, I found, that if 1 uſed them ſoon after 
they were taken out of the oven, they would 
not anſwer my purpoſe at all. The electri- 
city went off by them to the floor. But 
when they had ſtood, in the very ſame ſitua- 
= till they were cold, they inſulated very 
w 
Urom this, Laade pie e es wood, 
which I had formerly uſed for infulation, 
pretty hot; and when it was ſo hot, that I 
could hardly hold it in my hand, it took a 
flender ſack from the — nd about an 
inch long; but it would not diſcharge à jar 
at once. It did it however OY pay 
Rs kke moiſt wood, A 

| HE 
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Tux conſideration of the conducting power 
of charcoal, and the manner in which it is 
made, namely, by burning inflammable ſub- 
| Nances, in a cloſe place, and generally without 
flaming, led. me to make a few experiments 
on the conducting power of the effluvia of 
flaming bodies, at the very time. of their 
emiſſion : for whatever thoſe effluvia be, they 
ſeemed in ſome meaſure to contain: the con- 
ducting principle. 
Tux conducting power of the flame of a 
candle was obſerved very early; but it was 
not compared with that of other things, and 
it had by ſome been ſuppoſed to be nothing 
more- than the heat communicated to the 
neighbouring air. The experiments I am 
-going to recite ſeem to overturn this hypo- 
.thebs; > 5:4 
MaRcn the 14th, a ſmall charged phial 
held not longer than a ſecond within two or 
three inches of the flame of a candle, either 
above or below it, where the heat was alto- 
-gether inconſiderable, and the rarefaction of 
the air in a manner nothing, was totally diſ- 
charged. The event was the ſame when J 
* uſed the flame of a wax candle, or the flame 
of ſpirit of wine. When it was held much 
nearer to a red-hot poker, it was not diſ- 
charged near ſo ſoon and When it was held 
rexceedingly near to a piece of red--hot glaſs, 
zit was not diſcharged. at all, except by one 
+ exploſion, . ſeemingly conducted by the hot 
_ Similar experiments were made by 
placing 
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placing the candle, the poker, and the hot; 
laſs near the prime conductor. It was alſo; 
ound, that the ſmall phial above mentioned 
could not be diſcharged | in the focus of a con- 
cave mirror. 

Bur the ſmall]j jar above e was dic. 
charged in theſe experiments ſilently; and 
though they ſeemed to be clearly in favour of 
the conducting power of the effluyia, which, 

off in flame, there was nothing very 
ſtriking in them; but afterwards, when I had 
3 an electrical battery, I repeated 
the experiments in a much more ſtriking and 
convincing manner. 

DEcEMBER the 1 «th; I brought the flame. 
of a candle between two braſs knobs, one 
communicating with the inſide, and the other 
with the outſide of the battery; and obſerved, 
that as the flame advanced towards them, it 
began to be put into a quivering motion, ex- 
ceedingly quick, and was ſtrongly drawn both 
ways towards each knob, leaving the wick 
bare at the top; and as ſoon as the flame was 
quite between the rods, the battery diſcharg- 
ed at once, at the diſtance of three inches and 
an half, This is a very fine experiment. The 
inter poſition of the flame between the two 
braſs rods is like putting fire to a train of 
gunpowder, which explodes immediately. 

Wurm I advanced the ignited wick of a 
candle, juſt blown out, towards the rods, it 
was ventilated very briſkly; and when it was 
put between them, when * to about 

the | 
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the diſtance of an inch, the diſcharge \ was 
made, and the candle blown in again. 
To compare the conducting power of flame 
with that of other bodies, which had more 
heat but leſs effluvia, I put a red-hot poker 
between the two rods, but it did not promote 
the diſcharge of the battery till they were 
brought within about an inch and an half of 
one another; ſo that the-exploſion was made 
at about twice the uſual diſtance, allowing for 
the ſpace occupied by the poker itſelf; and yet 
the air in the neighbourhood of the poker was 
more than ten times hotter than in the neigh- 
bourhood of the candle, conſidering the diſtance 
at which they were held from the rods. Both 


fees of the hot poker were marked with an < 


imperfect circle, like thoſe that were impreſſ- 
ed on each of the knobs; an account of ank 


3 wall be given hereafter. 


IHREN interpoſed a pee of red-hot glaſs, 
which has as great a heat as the iron, but 
emits leſs effluvia; but it did not promote 
the diſcharge till the-braſs rods were brought 
within an inch of one another, which was fo 
near,” that the glaſs almoſt touched chem 
both. 

As I was as diverifyiaog the experiments con- 
. cerning the paſſage of the electric exploſion 

over the ſurfaces of various bodies, 'as will be 
mentioned hereafter, I accidentally diſcover- 
ed how exceedingly poor a conductor is oi/ of 
every kind; inſomuch that I think it ought 
rather to be 2 among electric ſubſtances; 
| though 
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though before that time, I imagined that oit 
did not differ very much from water, with 
reſpe& to it conducting power. I. had been 
led into the miſtake. by fome experiments of 
Mr. Wilſon, who has ſomewhere advanced 
the propoſition above mentioned; and ar 
that the tourmalin is poſſeſſed of a fixed kind 
of electricity, incapable of being conducted 
away, becauſe it retains the ſeparate power of 
each of its ſides, though ſurrounded with 
melted greaſe; whereas I find, that nothing 
of an oily nature will conduct electricity. 
Laying a chain, which | communicated 
with the outſide of my battery, in a diſh of 
melted tallow, I brought a br cod commu- 
nicating with the inſide towards it, in order 
to make the diſcharge, by tranſmitting the 
exploſion over the ſurface without entering 
it; when I was ſurpriſed to find, not only that 
the electrie matter would not take the ſur- 
face, but that, though it attracted a column 
of tallow at the diſtance of about three quar- 
ters of an inch (which was thicker in propor- 
tion as the rod was brought near the ſurface) 
and though I continued amuſing myſelf with 
this column of tallow a conſiderable time; in 
which tate it formed a complete communica» 
tion between both ſides of the battery, yet the 
charge was very little diſſipated. I repeated 
this experiment, with the ſame event, with oil 
of olives, the thinneſt oil of turpentine, and 
even ether. A plate of common oil of olives 
connected the inſide and outſide of the battery 
for near ten minutes, without my heing able 
4 N * to 
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to perceive that the charge was more diffipat« 
ed than it would have been without that 
communication. Ether is the ſlighteſt: fluid 
in nature next to air; yet, being properly an 
oil, it proved no better a conductor than the 
moſt tenacious. I was moſt ſurpriſed that the 
ether did not take fire by this treatment, as 
nothing is more inflammable; and if the elec- 
trie matter can * through: its WL hres 
- foſoon. . 
Fon theſe experiments, — thoſe 15500 | 
ads on ice, I concluded, that fluidity, 
as ſuch, contributes nothing to the conduct- 
ing power of ſubſtances, ſepatate from the 
heat which makes them fluid. To complete 
my experiments on oils, I filled phials with 
All kinds of oils, according to their chymical 
3 diſtinctions, including the fineſt œſential oil, 
” -- the ſtrongly empyreumatic, and thoſe that are 
termed mineral, as or f amber; and found 
them all incapable of giving a ſhock. But! 
found that this method of trying the conduCt- 
ing power of ſubſtances, viz. by incloſing 
them in phials, and endeavouring to give 
ſhocks by them is very inaccurate, ſhowing 
them to be better conductors than they really 
are. Pounded glaſs, flower of brimſtone, and 
other electric ſubſtances gave a confiderable 
Mock; but a bottle containing nothing but 
air gave a greater ſhock than any of them; 
though the wire inſerted into it was very 
blunt, and was kept in the center of the 
bottle. Finding, by theſe experiments, that 

8 ol * cancuctod much leſs than air, I \ 
% endeavour- 
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endeavoured to charge a plate of oil like a 
plate of glaſs; and for this purpoſe I perfo- 
rated a glaſs ſalver, and thereby gave a coal- 
ing of tinfoil to both ſides of a quantity of 


oil poured into it; but the brim of the ſalver 


would not contain enough to give it a ſuffici- 
ent thickneſs; otherwiſe, I make no doubt, 
but that a ſhock might be given by it better 
than by air. = E 


80 
. 


I SHALL Juſt mention upon this ſubject, 


what I lately obſerved, and do not know . 


whether it has been noticed by any writer, 


that ice of oil, contrary to ice of water, is ſpe= 
cifically heavier than the fluid ſubſtance; and 
links in it“. "7 364) 
FinpING ſo great an agreement, with re- 
ſpect to electric properties, in this whole chy- 
mical claſs of bodies, I began a kind of courſe 
of chymical electricity; but had not leiſure, or 


opportunity to purſue it as it deſerved. The 


few hints that I collected may poſſibly be 
of ſervice to future inquirers; and for this 


Orne perſons, I find, have made experiments, which 
how how itpetfe& a conductor oil is. The lowing proofs of 
this are exceedingly curious and pleaſitig. Mr. Cigna ob- 


ſerved electrical attraction and ulfian between conduct - 
ing ſubſtances plunged in oil. Nollet's Letters, Vol. iii. 


p. 168. | 

Mons:zus VitueTTE, optician at Liege, filled a diſh of 
metal with oil, arid whea he had electriſied the diſh, he plung- 
ed a needle into the oil, and received a very ſtrong ſpark as 
ſoon as the point of it came within a ſmall diſtance of the diſh. 
A ſmall cork ball being made to ſwim in this oil, upon the 


approach of the thicker end of the ſta!k of a lime, plunged to 


the bottom, and immediately roſe again to the top. Noller's 
Letters, Vol. ili. p. 312. _ * | 


« - 
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reaſon I ſhall note them juſt as they occur. 
red, though they contain little that is re- 
markable. n 

ALL ſaline ſubſtances that J examined prov. 
ed, in general, pretty good conduQors, | 
tried moſt of them by making the diſcharge 
of the battery through them when inſulated; 
which appears to me to be a very good me- 
+ thod, indeed the only one that can well be 
depended upon. In diſcharging the battery 
with a piece of alun, the exploſton was at- 
tended with a peeuliar hiſſing noiſe, like that 
of a ſquib. Rock: ſalt conducted pretty well 
but not quite fo well as the alum. The elec- 
tric ſpark upon it was peculiarly red. Sal 
ammoniac exceeded them both in its condud- 
ing powers, but it would not take the leaf 
ſenſible ſpark ; fo that it ſeemed made up of 
an infinite number of the fineſt points. Yol- 
tile ſal ammoniac 1 only tried in a phial, when 
it gave a ſmall ſhock. Salt petre did not 
conduct fo well as fal ammoniac. Endear- 
ouring to make the electric exploſion pals 
over its ſurface, it was diſperſed into a great 
number of fragments in alt directions with 
eonſiderable violence. Selenitic ſalt condut- 
ed a ſhock but poorly. Vitriolated tartar 
gave a ſmall ſhock. White Sugar feems to 
be an exception to this rule: for it may be 
Kairly ſaid to be no conductor; as the charge 
of the battery would hardly paſs through it 
in the leaſd degree. Key 
Tux metallic ſalts in general conducted 

better than other neutrals: ue and green ” 

| R tri 
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trio] conducted very well, though they would 
not trãnſmit a ſhock.” | A 

THAT ores in which the metal is really in 
a'metalline ſtate ſhould be very good con- 
ductors might naturally be expected. Thus 
a piece of gold ore from Mexico was hardly 
to be diſtinguiſhed, in this reſpect, from the 
metal itſelf; and a piece of filyer ore from 
Potoſi, though mixed with pyrites conducted 

well. But even ores in which the metal 
is mineralized with ſulphur and arſenic, as the 
ores of lead and tin, and cinnabar the ore of 
quickſilver were little, if at all, inferior to 
them. The cinnabar that I tried was factiti- 
ous; but there can be no doubt of its being 
the ſame as the native. When I made the ex- 
ploſion of the battery paſs through it, it was 
rent into many pieces, and the fragments 
diſperſed in all directions. Ores, however, that 
contain nothing but the earth of the metal 
conduct electricity but little better than other 
ſtones; though I thought that all the ſpeci- 
mens of iron ore that I tried conducted better 
than marble *. | 

| Examined ſome lack . ſand that came 
from the coaſt of Africa, which is a good 
Iron, and part of which is affected by the 
magnet as much as ſteel filings ; and found it 
to conduet electricity, but not a ſhoek.. Sepa- 
ting with a magnet all that would be eaſily 


Ines that Mr, Boze, very early, thought it was ealy to 
Giſtioguiſh the ores of metals from other earthy ſubſtances, by 
means of their greater conducting power. Dautzick Memoirs, 
Fol. i. p. 293. | 
P2 attracted 
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attracted by it (about one ſixth of the whole 
it conducted a ſhock very well. The reſt 
would hardly conduct at all. 

Tuoven I think I, may venture to lay, 
that the true and proper ores of the more 
valuable metals might, be known by their 
property of conducting electricity, I cannot 
ſay that electricity will furniſh any rule to 
aſcertain the value of the different ores of the 
ſame metal. I tried two pieces of copper ore, 
one the moſt valuable that is known, and an- 
other of only about half the value; but they 
were hardly to be diſtinguiſhed: from « one an- 
other in their conducting power. 

BLACK lead in a pencil conducted a ſhock 
ſeemingly like metal or charcoal, A mal 
lump of it took as full and ſtrong a ſpark 
from the prime conductor as a braſs knob. 

' ALL the ftony ſubſtances. that I tried con- 
ducted very well, though dry and warm. 
Even a piece of poliſhed agate, though ſemi- 
pellucid, received the electrie ſpark into its 
ſubſtance; though it would paſs over about 
three quarters of an inch of its ſurface to 
reach the finger that held it, and it diſcharg- 
ed the battery but ſlowly. Limeſtone, and 
lime juſt burnt were equally imperfe& con- 
duQors, hardly to be diſtinguiſhed from one 
another. Lapis hamatites, and touchſtone botl 
conducted pretty well; as did a piece. of 
gypſum, and plaifter of Paris, only the latter, 
having a ſmoother furface, took a ſtronget 
ſpark. A piece of fare, fuch as is common 
ly uſed to write on, was a much 9 = 

uctot 
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ductor than a piece of free fone,” which con- 
ducted very poorly. | Marbles alſo conducted 
conſiderably better than free ſtone. I found 
very little difference among any of the ſpeci- - 
mens of marble that I tried, in which was a 
piece of Egyptian granite. A piece of Spa- 
niſh chalk, which is a 7a/c, conducted pretty 
much like marble. 

A LARGE piece of white ſpar, with a tinge | 
he of blue, and ſemi-tranſparent, would hardly 
re, conduct in the leaſt degree. I took pretty 
n ſtrong ſparks from the prime conductor while 
ef it was in contact with it. 

n A PIECE of pyrites of a black colour took 
ſparks at a confiderable diſtance from the 
ck prime conductor, like ſome of the inferior 5 
ll pieces of charcoal. Another piece of pyrites, 
rk which had been part of a regular ſphere, con- 
ſiſting of a ſhining metallic matter, did not 
n conduct near ſo well, though much better 
n. than any other ſtony ſubſtance. It was a 
i- kind of medium between a ſtone and an 
ts ore. | 
ut A PIECE of aſbeſtos fraud Scotland, juſt as 
to it is taken from its bed, would not conduct. 
3 It was in contact with the conductor, while 1 
10 BY took ſparks at the diſtance of half an inch with 
b a moderate eleQrification. 
e Or liquid ſubſtances, oil of vitriof conducted 
pretty Kr" and the moſt highly reCtified /pi- 
of rit of wine gave a ſhock much like water, but 
if perhaps not quite ſo well, f 
aj Tuis courſe of experiments on the con- 
1- duding power of ſubſtances, according . to 
1- P 2 their 
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their chymical claſſes, would, probably, be 
very uſeful, if purſued with care. Ba 
a mentioned above were generally ſingle ex 
pPeriments, which ate not ſo much to be de: 

pended upon. 

Turkz ate ſome other mixed fubRance 
whoſe conducting power I haye tried, and 
becauſe I think it would not be eaſy to fay, 
@ priori, to which of the two claſſes they be. 
Jong, I ſhall juſt mention the reſult of my 
experiments upon them, nearly i * the order 
in which they were made. 

Da glue, which is an aims! ſubſtance, 
is a conductor of electricity, but does not con» 
duct a ſhock. 

 FPovunpe gießt mixed with the White of an 
egg, and which had ſtood till it was. perfedh 
dry, was a conductor. I had put it upon 
ſome broken jars, thinking that the compoſi 
tion would be an electric ſubſtance, and that 
jt would make the. 217 hold a charge again. 

PainT, made white lead and oil, yer 
old, and dry, proved a conductor. I tried it 
in a china veſſel which had been firmly pieced 
with it. A part of the veſſel, through which 

there was no crack, would receive a charge 
very well; but a piece in which there was 2 
\ crack, and which had been filled with this ce- 

ment, could not be charged at all, 1 


SECTION 


(as) 


SECTION V. 


ExPBRIMENTS ON THE DIFFUSION. OF 
ELECTRICITY ovER THE SURFACES OF 
GLASS TUBES, CONTAINING A NEW ME=- 
THOD OF GLVING THE ELECTRIC SHOCK, 


T had been obſerved by many electricians, 
that new globes are often difficult to ex- 
cite; but I have made ſome experiments, 
which prove this fact, and other differences 
between new and old glaſs, in a more diſtin, 
manner than any thing elſe I have yet* met 
with; but they leave the cauſe till unex- 
plained. | 
Tux moſt remarkable pr, of new flint 
glaſs is the eaſy diffuſion of electricity over 
J its ſurface. I have ſeveral times got tubes 
made two or three yards long, terminating in 
ſolid rods, Theſe I have taken almoſt warm 
from the furnace, in the fingft weather poſ- 
ible, and having immediately inſulated them, 
and hanging pith balls at one extremity, have 
always found, that they would ſeparate the 
moment that the wire of a charged phial was 
applied to the other end. This I had reaſon 
to think would be the caſe at almoſt any diſ- 
tance at which the experiment could be 1 
F I have even charged a phial very ſenſibly, 
when it was held cloſe to the glaſs, at the 
F 4: diſtance _ 
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diſtance of a yard from the wire of a charged 
phial, held cloſe to another part of it, the 
| coatings of both phials being held in my hands, 
When the ſame tubes were a few months 
older, I found that the electric virtue could not 
be diffuſed along their ſurfaces farther than 
about half a yard. 

SOME tubes, which I have wied the day 
they were made, I have found impoſſible to 

be excited in the leaſt degree, even with the 

uſe of oiled filk and amalgam, for an hour 
together ; when a ſingle firoke of the ſame 
rubber has rendered other tubes highly elec- 
trical, and two or three have made them to 
emit ſpontaneous pencils, The ſame new 
tubes, upon beirig much rubbed, have begun 
to be excited, and in a few days have acted 
pretty well. 

BuT that the firſt coat of new glaſs is, in 
ſome meaſure, a conductor of electricity, was 
moſt evident from ſome experiments which! 
made with long and very thin tubes, which 
were blown ſome time in the month of 
March. Theſe, to amuſe myſelf, I coated in 
different places, and the diffuſion of electri- 
city, from the coated part to that which was 
not coated, appeared to me very extraordi- 
nary. I think my reader will not be diſpleaſ- 
ed if I relate a few of the particulars, 

I PROCURED a tube, open at both ends, 
about a yard in length, but of very unequal 
width. About three inches of the middle part 
of it I coated on both ſides; and charging it, 

by means of a wire introduced at one of oy 
| ends; 
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ends; I perceived, not only that the part 
through which I had introduced the wire was 


ſtrongly electrical on the outſide, but that at 


the oppoſite end, where there was neither 
coating nor wire, the fire crackled under my 
fingers, as I drew the tube through them, 


-and a flame ſeemed to iſſue continually out at 


both the ends, while it was at reſt and charg- 


ed. N. B. One end of this tube was broken, 


and rough, the other was ſmooth. 

I PROCURED another tube, about an inch 
in diameter, and yery thin. It was about 
three feet and a half in length, and cloſed at 
oneend. About nine inches below the mouth, 
] coated three inches of it, both on the inſide 
and outſide. This part I charged, and then 
obſerved the whole tube, to the very extremi- 
ty of it, to be ſtrongly electrical, crackling 
yery loud when I drew my hand along it, 
and giving ſparks, as from an excited tube, 


at about the diſtance of an inch, all the 


way. 
To give the reader a better idea of theſe 
experiments, I have given a drawing [Pl. I. 


fig. 7] of one of the tubes with which they 


were made. It is open at one end, and the 
part [a] is coated, 

AFTER drawing the whole tube through 
my hand, all the clefricity on the outſide was 
diſcharged; but, upon putting my finger 
within the mouth of the tube, an effort to 
diſcharge itſelf ſeemed to be produced, which 
ſhowed itſelf by a light ſtreaming viſibly 


from the coating, both towards the finger 


and 
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and likewiſe as vigorouſly towards the oppo- 
ſite end of the dg Aftet this J found all 
the outſide of the tube loaded with electricity 
as before, which might be taken off, and re- 
vived again many times, with the ſame 
original charge ; ; only it was weaker every 
| time; 

HoLDiNG this tube by the coated part, and 
preſenting the uncoated outſide, near the 
cloſe end of the tube, to the prime conductor, 
the inſide became charged as well as the out- 
ſide; and, upon introducing a Wiſes a conſi- 
derable exploſion was made. 
Tax diſcharge made the outſide "WY 
electrical, and by taking this electricity off, 
the tube was charged again very ſenſibly. 
' HoLpinG it by the uncoated part, and 
preſenting the coated part to the conductor, 
the inſide became charged as before. 

Havins firſt perfectly diſcharged this tube, 
I cloſed the open end with 'cement, made of 
bees wax and turpentine, an inch or more in 
thickneſs; but ſtill, by applying the outſide 
of the tube (cither the coated or the uncoated | 
part) to the conductor, I found it manifeſtly 
charged, but not quite ſo high as when the 
end. was left open, though the difference was 
not great. 
I eRrovipeD myſelf with another tube, 
about an inch and a quarter wide, and three 
feet long; but it was drawn out one foot 
more very ſmall; and another foot at the ex- 
tremity was ſolid, ſo that it was in all five 
fert long, I coated out four inches of this 

: tube, 
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tube, two feet below the mouth of it. The 
balls being hung at the extremity of this tube, 
or rather of the ſolid rod in which it termi- 
nated," they ſeparated the moment I began 
to charge the coated part. The diſcharge 
brought them together, though not imme- 
diately, but a ſecond diſcharge would gene- 
rally do it. 

Tax reſiduums of any of theſe tubes, of 
which ſo ſmall a part was coated, were very 
conſiderable. . I thought that all of them 
might be equal to the firſt diſcharge. In the 
laſt mentioned tube, there was a refiduum af- 
ter a great number of diſcharges, 1 believe 
twenty or thirty. 

IMAGINniNG that the diffuſion on the ſur- 
faces of the tubes above mentioned depend- 
ed upon the neunęſ of the glaſs, I preſerved 
them fix or ſeven months; having obſerved 
by examining them at proper intervals in the 
mean time, that this property, and others de- 
pending upon it, gradually leſſened ; and be- 

ore this time it was quite gone. There was 
no diffuſion of electricity over their ſurfaces, 
and they were as eaſily excited as other tubes, 
at the ſame time that they received a very good 
charge 

—ç length, by ſome accident or other, all 
the tubes on which I had made theſe experi- 
ments were broken, except one, which was 
cloſed at one end, and which indeed, was the 
moſt. remarkable of them all. Upon this 
tube, in the month of November, I began to 

rene my experiments, comparing it with 
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_ tohers which I got made-at that time; 'in or- 
* der to aſcertain on what circumſtances this 
diffuſion of electricity depended. Theſe 1 
ſhall diſtinctly relate, noting the time when 
each experiment was made, and every other 
circumſtance which J can imagine could: pol 
ſibly have any influence in the caſe. 
| NoveMBER the 13th, I once more devs. 
oured to repeat the experiments above men- 
tioned with the old thin tube, with as much 
care and precaution as poſſible, but without 
the leaſt ſucceſs. At the ſame time I charged 
two other thin tubes, one cloſed, and the 
other open, after they had been made about 
ſix weeks, but without being uſed in the 
mean time, and they anſwered exactly as the 
former tube had done, when it was new. 
The charge from a ſmall coated part diffuſed 
itſelf all over the tube; ſo that at the diſtance 
of a yard from the coating, it gave ſparks to 
the finger of an inch in length, and in all re- 
ſpects exhibited the appearance of a tube freſh 
excited. On this occaſion I firſt obſerved, 
what afterwards drew my attention in a more 
particular manner, that when my finger was 
brought to the tube about two mches above 
the coating [as at 4, Pl. I. fi it diſcharg- 
ed a great quantity of that d a0 electricity; 
and my whole arm was violently ſhocked. 
; NovemBeR the 19th, After heating the 
-old tube, and endeavouring to repeat the for- 
mer experiments, both while very warm," and 
after it was cold again, but to as little pur- 
Tm! as before; 1 n it to the glaſs m_— 
* An 
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and got it made red-hot all over, ſo that it. 
would eaſily bend any way; and as ſoon as 
it was cold, I tried the old experiments, and 


found that it had completely recovered its for- 


mer property. Charging a ſmall coated part, 
the electricity was diffuſed to the end of the 
tube, over three feet of dry glaſs, and it gave 
ſparks at the diſtance of an inch in any part, 
of it, exactly as if it had been excited with 
the beſt rubber. When it was drawn through 


my hand, whereby, that diffuſion was taken 
| off it preſently returned again; and the ex- 


tremity of the tube would get loaded while its. 
communication, with the coating had been cut 
off, by my hand being conſtantly held on the 
middle of it. 

I ALs0 obſerved, that. the middle part, of 
this tube, which had been ofteneſt heated, in 
melting the whole over again, one half at 
time, had a much ſtronger diffuſion than the 
other parts. It was no ſooner taken off, Sag 
it 8 again, ſo that it gave a continua 
ſtream, of fire. 

THE quantity of refduum after a diſcharge 
of this * was prodigious, ſo that the out- 
fide coating would, immediately after, give 
almoſt a conſtant ftream of fire to any con- 
duQtor preſented , to it, for a conſiderable 


Ta is. tube was now, as it had heen at the 
firſt, abſolutely incapable of being excited with 
the beſbrubber. 

Janvaxy the 6th, 1767. Examining all 
the tubes with which I had made the experi- 

| ments 


: 


- 
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ments of the diffufion, 1 found that property 
either quite, or very nearly gone. One of 
them 1 reſtored by heating it red-hot. An- 
_ 6ther I heated only at the end moſt remote 
from the coating ; but there was no diffuſion 
upon it, when the coated part was charged; 
the part which had not been made red-hot in- 


. 


tercepting it. 8 5 8 
Novik the 24th. In order to deter- 
mine whether this property of diffuſion de- 
petided in any meaſure upon the ſmoothneſs 
of the ſutface; I made a circular part of one 
of the thin tubes, about half 4 yard' beyond 
the coated part, quite rough with emery, 
about three inches in length; but this did 
jot prevent the diffuſion in the leaft ; both 
that rough part, and the ſmvorh glaſs beyond 
-1 wo as much loaded with the electricity as 
. Koh * 
Irix took the poliſh off à line the whole 
fength of the tube, from the coating to the 
extremity of it; but fall the effect was the 
ſame ; and I make no doubt wonld have been 
fo if I had made all the ſurfate rough. | 
IV 6fder to afcertain whether this property 
 depentted 12 the thinneſs of the tubes, [ 
got one made of a twelfth of an inch thick, 
and uſed it immediately; the diffuſion was 
very ſenſible, and it was incapable of being 
excited. This, however, was not always the 
cafe with tubes of fo great a thickneſs. 
| NoveEMBER the 25th. Willing to | 
this experiment a little farther, I got another 
taube four feet long, and of the eighth of * | 


. 
2 % 1 
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inen thick: I coated 4 ſmall part of it in the 
ſame manner as I had done the others, name> 
ly about three inches, at the diſtance of nine 
inches below the orifice, and obſeryed the dif- 
fuſion to be very remarkable in propot᷑tion to 
the charge it received, which was very mode- 
rate, It could not be ſenfibly excited in the 
leaſt degree; except that, in the dark, an ex- 
ceedingly ſmall light was viſible near the fin- 
ger, when it touched any paft of it, imme- 
diately after excitation ; but not the leaſt ſnap- 
ping could be perceived, nor any thing felt 
with the finger. Aſt 
T find whether this property depended 
upon the Lind, 48' well as the fewneſs of the 
plaſs; I afterwards, coated a part of à very 
thin $lafs of the common bottle metal, but I 
found no diffaſiot upon it at all. It was what 
is commonly called a finging glaſs. I would 
have purſued this experiment, by trying the 
lame glaſs in other forms, and by trying 
other kinds of glaſs, but 1 had no oppor- 


oy: 2 „ | | 
1 68%trved, in all the tübes which had 
the diffuſion, that in drawitig my band from 
the extremity of them towards the coating, 
after they were charged, ſo as to take off the 
diffuſion, there Was a confiderable noife at the 
orifice, as if the tube had been gradually diſ⸗- 
charging itſelf, and this operation did àppa- 
rently leſſen the charge. n 

Ix the dark the electric fire ſeemed to pour 
perpetually from the open end, or both the 


ends, if they were both open; and when- 


ever 
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ever I drew my hand over it, the fire ſtreamed 
from the coating towards my hand in a YET 
beautiful mauner. 
_ Ir was very remarkable; that; the firſt 
time I charged any, of theſe tubes. after they 
had ſtood a while, the diffuſion was the moſt 
conſiderable, and that it. leſſened every ſuc- 
ceſſive charge; till, at laſt, it was exceeding- 
ly ſmall ; but. after the tube had ſtood 
a few hours uncharged, it was as r 
as ever. 

'Decrmsex the iſt. 1, 3 the firſt LEO 
took particular notice in charging a thin tube, 
and afterwards holding the coating in one 
hand, and drawing my other hand, ſo as to 
graſp the tube; beginning at that end which 
was moſt remote from the coating; that ſome- 
times, when my hand came near the coating [as 

at 6. Pl. I. fig. 7.] I received a very conſider- 
able ſhock through both my arms and in my 
breaſt, exactly like what is felt from the Ley- 
den phial. 
Tux ſame day, I felt a ſimilar ſhock from 
another thin tube ; and what was more re- 
markable, I did not receive it till the third 


time of drawing my hand over the tube, hav- 


ing miſſed the ſtroke the two firſt times; 
though I moved my hand, as near as J 
could judge, in the ſame manner, This 
ſhock was not very great, but ſenſible in 


both arms, 


DECEMBER the 3d. I received alc? 
ſhock, the third 2 of drawing my hand 


over the tube, and much more violent than 
| the 


Ss ao & 2 ©& 
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he laſt; it affecting both my arms and breaſt. 
At this time I obſerved very exactly, that my 
hand was near two inches and an half from 


the coating, and that a ſtrong light was viſt- 


ble under' my hand, and extended to the 
coating. The diffuſion at this time had 
not been very great, and the tube ſeemed to 
be about half diſcharged after the ſhock. 

Ar chat time I could not chink of any 
plauſible theory to account for this ſhock ; 
but preſently | after I accidentally received an- 
other ſhock, in ſome reſpects ſimilar to this, 


1 


the theory of which I have been ſo happy as 


to inveſtigate, and which may throw fome 
light upon this. ID 


DECEMBER the 21ſt. I made a Torrieellian 
vacuum in a tube about a yard in length [Pl. 


I. fig. 8.] and holding one end of it in my 
hand, J preſented a part near the other end to 
the prime conductor; and obſerved, that, 
while the electric fire was pouring along the 
whole length of it, I felt ſome peculiarly 
[mart twitches every now and then in my 
hand, juſt ſuch as are felt when a thin un- 
coated phial is held in the hand, while it is 
charged at the prime conduCtor, but more 
pungent. On removing the tube from the 
prime conductor, it thre out ſpontaneous 
(parks from the place where it had touched 
the conductor, exactly like thoſe "which iſſuæ 
from the wire of an over-charged phial; but 
they were longer, and much more beautiful. 
Then, bringing my other hand near the place 
where the tube had touched the conductor, I 


Vor. II. . received 


mwmithout touching that part, 
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received a very conſiderable ſhock in both ny 
arms and breaſt, exactly like that which I hal 
received before ow the thin tubes; and, y 
with them, the ſhock was rather ſtronger In 
the hand which was brought to the tube tha 
in that which held it. If, without bringing 
my other hand to the tube, I only preſentei 
it to the table, or any other conductor, i 
would throw out from the ſame place ſever 
ſtrong ſparks, attended with a flaſh of light 
which filled the whole length of the tube, 
Theſe, ſparks reſembled thoſe which iſlu 
from the wire of a charged phial, whe 
it is preſented to the like imperfect cov 
ductors, and at the ſame time held in the 
hand. 

I AFTERWARDS obſerved, that the ſtrongel 
ſhock which this tube could give was fel 
when one hand continued in the place where 
it held the tube, in order to charge it, and 
the other was made to touch the tube, at 
inch or two above it [as at c. Pl. I. fig. S.] and 
at the inſtant of the ſtroke a very denſe ſpark 
of electric fire was ſeen darting the whol 
length of the tube. When three perſons be- 
ſides myſelf joined hands, it ſhook all out 
arms greatly. 

Tux tube could not be diſcharged by putting 
#1 one hand fo near the other, unleſs that pal 
of the tube had been brought to the conduc- 
tor in charging it; and if any particular pal 
of the tube only, had been brought to the 
conductor, the diſcharge. could not be made 


7 ” Warn 


— 
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Wurn the tube had given a ſhock from any 
one place, it would give one or two more 
ſmaller ſhocks from other places. 

Taz experiments 1 made with this tube 
being certain and invarjable, and the ſhock 1 
received from the other tubes precarious, I 
rave more particular attention to this, in or- 
ber to aſcertain the nature of this ſhock ; 
thinking that, if I could accompliſh this, it 


where there was no coating, and preſented 
one of the coatings to the conductor, it re- 
ceived a pretty good charge. 12 

| Tyex ſtood upon an inſulated ſtool, and 


preſenting one of the coatings to be charged, 
while I held the other; 1 obſeèrved, that it 
received not more than one fourth part of the 

e charge 
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charge it had before; upon which I imme. | 
diately concluded; that the lower coating ; 
muſt have been charged negatively, whilſt 
the upper was charged poſitively. This was WI , 
quite confirmed by obſerving, that ſparks Wil , 
could be drawn from my body, while I food il - 
upon the ſtool! prefenting the tube to be ill ; 

charged, but no longer than till the tube had 
received its full charge; and that then the ex- Will 
ploſion was as great as it had been when | ill, 
ſtood upon the floor, 0 
Waurx I inſulated the tube, by placing it Will 
in a glafs veſſel, it was till leſs capable of il , 
taking a charge than when I ſtood upon 2 Will 
_  Rool and held it, this method making a more f 
perfect inſulation, Tf any conductor was Wi || 
preſented to the lower coating while the lll 
other was held to the prime conductor, ſparks Wilt: 
iſſued from it very plentifally till it had got a Wl , 
conſiderable charge; when thoſe ſparks intire- il «. 
ly ceaſed, and the tube, upon trial, gave a ven di 

A great exploſion. 

| Tuxsg experiments make the theory of Ml |, 
this new method of giving the elefric ſhock WW (þ 
pretty obvious, The electric matter thrown ll «+ 

upon the upper coating repels an equal quan- 
tity from the inſide of the tube oppbſite v it 
it; which, paſſing freely through the va: tu 
cuum (as is viſible in the dark), is accumulat- WF ;þ 
ed on the inſide of the other extremity of Wi b) 
the tube, and thereby repels a quantity fron WM fr 
the lower coating: ſo that . two coating . 


being in oppoſite ſtates, though on the * 
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ſide of the tube, the ſame kind of ſhock is 
given by them, as if they had been on oppo- 
polite ſides. Sei | 
BeinG fully ſatisfied with the experi- 
ments made by theſe two coatings, and the 
theory of them, I amuſed myſelf with 
coating the middle part of the tube in va- 
rious ways. | 3 
Ward the three coatings were about the 
ſame ſize, and placed at equal intervals; 
which ever of them was held in the hand, 
the other two were charged and diſcharged 
ſeparately. If the coating of one of the ends 
was held in the hand, and the other two - 
were charged, the greateſt exploſion was 
from that which. was diſcharged firſt. If 
thoſe two coatings were placed near one an- 
other, they were both diſcharged by the at- 
tempt to diſcharge either of them, and a flaſh 
of light was ſeen betwixt them both. In this 
caſe the exploſion was ſometimes made at the 
diſtance of two inches and a half. N 
Wu the middle coating was made very 
large, and placed contiguous to the upper, 
the exploſion was leſs; a ſpontaneous diſ- 
charge being ſoon made to the lower coating. 
WHEN the middle coating was taken away, 
it often happened that, in drawing the whole 
tube over the prime conductor, beginning at 
the upper coating ; when it came to the lower, 
by which I held it, a ſpark would dart to it 
from all the uncoated part of the tube, 
which diſcharged the electricity of that part, 


Q 3 while 


„ 
* 


N 
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while the upper coating till retained its pro. 
per charge. 
Wurx this ſpontaneous diſcharge was not 
made, the exploſion might be.made at twice, 
once at the naked glaſs, near the lower coat- 
ing, and again at the upper coating. If the 
diſcharge was firſt made at the upper coating, 
there remained very little for the lower part of 
the tube. And if the exploſition was made 
about the middle of the tube, the whole wa 
diſcharged at once, and in a * beautiful 


| manner. 


TI mvsT leave my reader to compare the 
theory of this ſhock with that given by the 
long and open tubes, as I am not able to doit 
to my intire ſatisfaction without more experi 
ments; which, as I obſerved, are precarious, 
and which I had not leiſure to attend to. 

As this courſe of experiments was begun 
by an accidental obſervation of the different 
electric properties of new and old glaſs, 
ſhall (after this long excurſion, which I little 
foreſaw) conclude with an experiment or two 
- relating more immediately to the original ſub- 

ject of them. 
' IMAGINING that the difference between 
new and old glaſs might be owing to the 
larger ſuperficial pores of the former, which 
made it approach to the nature of a conduc- 
tor, and which contracted with time; 

thought it might poſſibly determined by the 
experiment of the metallic tinge, the wider 
pores receiving it better than the _— 

d 2 * Oo ire ET RE ST , an 
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and I was not diſappointed in my expecta- 
tions. November the 19th, I ſeveral times 
laid two glaſs tubes, one a very old one, and 
the other quite new, cloſe together, with a 
piece of leaf gold or copper between them; 
and though I varied the diſpoſition of them in 
every way that I could think of, and chan 

the tubes for others; I always found the new 
glaſs to receive a much fairer, more beautiful, 
and indelible impreſſion than the old glaſs. 
Twice the quantity of the metal was in all the 
caſes ſtruck into it. 


Q4 SECTION 
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SECTION V. 


ExXPiRIMENTS TO VERIFY SEVERAL PAR- 

' _TICVLARS or SIGNIOR BECCARIA'; 
THEORY or ELECTRICITY ; | PART: 
CULARLLY CONCERNING THE/ELECTRIC 
MATTER CARRYING INTO ITS PATH 
LIGHT SUBTANCES TO ASSIST ITS PAs» 
| SAGE. | | 


EING greatly ſtruck with Signior Becca- 

ria's theory concerning the paſſage of the 

electric matter from the earth to the clouds, 

— previous to a thunder ſtorm, and thinking his 
experiments to prove the power of electricity 

- to conduct into its path light ſubſtances that 
could aſſiſt its paſſage not quite ſatisfactory, | 
endeavoured to aſcertain the fat in a better 
manner, and ſhall lay before my readers the 

reſult of my experiments 
NoveMBER the gth. I diſcharged frequent 

ſhocks, both of a common jar, and another 
2 of three ſquare feet, through trains of braſs 
duſt, laid on a ſtool of baked wood, making 
interruptions in various parts of the train; 

and always found the braſs duſt ſcattered in 

the intervals, ſo as to connect the two disjoin- 

ed ends of the train; but then it was likewiſe 

ſcattered nearly as much from almoſt all 
A 

xe > . 
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The ſcattering from the train itſelf was pro- 
bably occaſioned by ſmall electrig 1 parks be- 
tween the particles of the duſt ; hich, cauſ- 
ing a vacuum in the air, drove all that light 
matter to a conſiderable diſtance. But the par- 
ticles of the duſt which were ſtrowed in the 
intervals of the train, ſome of which were, at 
leaſt, three inches, could hardly be conveyed 
in that manner. 

Wren ſmall trains were laid, the diſper- 
ſion was the moſt conſiderable, and a loht 
was very viſible in the dark, illuminating the 
whole circuit. It made no difference, in any 
of theſe experiments, which way the ſhock 
was diſcharged. 

Wuen I laid a conſiderable quantity of the 
duſt at the ends of two pieces of chain, 
through which the ſhock paſled, at the diſ- 
tance of about three inches from one another, 
the duſt was always diſperſed: over the whole 
interval, but chiefly laterally; ſo that the 
greateſt quantity of it lay in arches, extend- 
ing both ways, and leaving very little of it in 
the middle of the path. It is probable, that 
the electric power would have ſpread it 
equably, but that thej vacuum made in the 
air, by the paſſage of the fluid from one heap 
— duſt to the other, diſperſed it from the mid- 

e 

1 THEN inſulated a jar of three ſquare feet, 
and upon an adjoining glaſs ſtand laid a heap 


of braſs duſt; and at the diſtance of ſeven or * . 


eight inches a braſs rod communicating with 
the outſide of the jar. Upon bringing an- 


* 
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other rod, communicating with the inſide, 
upon the heap of duſt, it was diſperſed in a 
beautiful manner, but not one way more 
than another, However, it preſently reach- 
* the rod communicating with the out- 
fide. 

MaxinG two heaps, about eight inches 

afunder, I brought one rod communicating 
with the inſide upon one of them, and an- 
other rod communicating with the outſide u 
on the other. Both the heaps were diſperſed 
in all directions, and ſoon met; ' preſently af. 
ter which the jar was diſcharged, by means 
of this diſperfed duft, in one full exploſion, 
When the two heaps were too far aſunder to 
promote a full diſcharge at once, a gradual 
diſcharge was made through the ſcattered par- 
ticles of the duſt. 
Wurm one heap of duſt was laid in the 
center of the ſtand, and the two rods were 
made to approach on each ſide of it, they 
each attracted the duſt from the ſide of the 
heap next to them, and repelled it again in 
all directions. When they came very near 
the heap, the diſcharge was made through it, 
without giving it any particular motion. 

ALL theſe experiments ſhow that light 
bodies, poſſeſſed of a conſiderable ſhare of 
electricity, diſperſe in all directions, carrying 
the electric matter to places not abounding 
with it; and that they ſometimes promote a 
ſudden diſcharge of great quantities of that 
matter from places where it was lodged, to 
places where there was a defect of it, But 
S5 oe 


* 
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an accident led me to a much more beautiful. 
and perhaps a more ſatisfactory manner of 
demonſtrating the laſt part of this propoſi- 
tion, than any that I hit upon bile 1 
was purſuing my experiments with that 
deſign. 

DecemBer the 11th. Hanging a drop of 
water upon the knob of a braſs rod commu- 
nicating with the inſide of my battery, in or- 
der to obſerve what variety it might occaſion 
in the circular ſpots, which will be mention- 
ed hereafter ; I was greatly ſurpriſed to find 
the exploſion made all at once, at the diſtance 
of two inches. 

I, AFTERWARDS, put ſome braſs duſt up- 
on a plate of metal communicating with the 
inſide of the battery, and making the diſ- 
charge through the duſt, it exploded at the 
diſtance of an inch and a half. The duſt roſe 
towards the diſcharge rod, and from thence 
was diſperſed in all directions. 

Tuxsz experiments are the more remark- 
able, as they demonſtrate ſo great a difference 
between the diſtance at which the battery may 
be made to diſcharge at once, by the help of 
theſe light bodies, and without them. When 
the diſcharge of a battery by the knobs of 
braſs rods, in the open air, is at the diſtance 
of about half an inch; it will, by this * 
, be made at about two inches, 

UNLEss a perſon try the following experi- 
ment, he will hardly conceive the extreme 
probability of the clouds and the rain being 
poſſeſſed of an electric virtue, in order to 


their 
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their uniform diſperſion, according to Signior 
Beccaria? 8 theory. Put a quantity of ' braſs 
duſt into a coated jar, and when it is charged, 
_ Invert it, and throw ſome of the duſt out. It 
is very pleaſing to ſee with what exact uni- 
formity it will be ſpread over any flat ſurface, 
and fall juſt like rain or ſnow. In no other 
| method can it be ſpread ſo equably, 


Ir is taken for granted by Signior Beccaria 
and others, that perſons are ſometimes killed 
by lightning without being really touched by 
jt, a vacuum of air only being ſuddenly made 
near them, and the air ruſhing out of their 
lungs to ſupply it; and with ſo much vio- 
ſence, that they could never recover their 
breath. As a proof of this, he ſays, that the 
lungs of ſuch perſons are found flaccid ; 
whereas, when they are properly killed by 
the electric ſhock, the lungs are Nang inflat- 
ed. This account always appeared to me 
highly improbable. It determined me, how- 
ever, to make a few experiments, in order, 
if poſſible, to aſcertain the fact with ſome 
de ol of exactneſs. The reſult was as 


| fo 


p Viewaiitn the 18th, Arte that part of 
an egg ſhell in which is a bladder of air 
within an inch of the place where I made the 
exploſion of the battery, on the ſurface of 
ſome quickfilver ; when the bladder was 
_ Inftantly burſt, and the greateſt part of it 
torn quite . The ſhell was WF Jt ; 
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ſo that the bladder could not ſtretch 1 in the 
leaſt. 

Ir is evident from this experiment, that 
there is a ſenſible expanſion of the neigh- 
bouring air, to fill a vacuum made by the 
electric exploſion ; but that this is ſo confidet: 
able as to occaſion the ſuffocation and death of 
any .animal, is, I think, very probable from 
the following facts. | 

I eur a cork as lightly as poſſible in the 
mouth of a ſmall phial; but, though I held it 
exceedingly near the place of the exploſion, | 
it was not drawn out. wn. 

I Mapt the exploſion paſs over the ſurfacl 
of a moiſt bladder, ſtretched on the mouth of 
a galley-pot; but it produced no ſenſſble 
effect upon it. I alſo held at one time the 
bill of a robin red-breaft, and at another time 
the noſe of a mouſe near the electric explo- 
ſion, but they did not ſeem to be at all affect. 
ed by it. In order to examine the ſtate of the 
lungs, I killed ſmall animals by ſhocks dif 
charged both through the brain, 'and through 
the Jungs; but when they were diſſected there 
appeared no difference, The lungs were td 
the very ſame ſtate as when they were Et 
in another manner. 

To theſe miſcellaneous experiments, © * 
tended to verify ſeveral particulars of Signior 
Beccaria's theory of electricity, 1 ſhall ald a 
ſmall ſet, which, though they were begun be- 
Fun before I had ſeen tha author, are in 


ſome reſpects ſimilar to his curious experi- 


ment 
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ment of diſcharging a plate of glaſs hanging 
by a ſilken ſtring without giving motion to 
* his being deſigned to aſcertain the effect 
the diſcharge upon the glaſs, and mine re- 
ſpecting the conducting ſubſtances that formed 
the circuit. 
Ocrozes the 7th. To determine, if poſ- 


ſible, the direction of the electric fluid in an 


electric exploſion, I hung ſeveral braſs balls 
by ſilken ſtrings, and diſcharged ſhocks 
through them, when they were as much at 
Teſt as I could make them; but I could not 
perceive that any motion was given to them 
by the ſtroke. Afterwards, I diſcharged a 
Jar a great number of times through ſmall 
globules of quickſilver, laid on a ſmooth piece 
of glaſs; but could not perceive that they 
were driven. one- way more than another, 
though they were often thrown into dit- 
order; probably by the repulſion of the 
air, occaſioned by the vacuum of the ex- 
ploſion. | 

*I TaeN placed four cork or pith balls, at 
equal: diſtances, upon a ſtool of baked wood, 
with a piece of chain at the ſame diſtance 
from the outermoſt balls; and obſerved, that, 
upon every attempt to make a diſcharge, the 
two middle balls were driven cloſe together, 
while the two outermoſt were each of them 
attracted to the piece of chain that was next 
to it. Then, laying a great number of bits 
of threads in the ſame manner upon the ſtool, 
1 of the pieces that lay near the ars 
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ſtuck to them, and a great number of thoſe 
that lay, in the middle were driven n 
in a heap. 

Tux attraction to the chains I attribute to 
the electricity given to them by their connec= 
tion with the jar, which would be greatly en- 
creaſed by the attempt to make an exploſion; 
and the crowding together of thg pieces in 
the middle of the circuit, I attribute to. the 
current of air blowing them together from 
both the extremities of the chain. Thus part 
of the flame of a candle next to an electrified 
point will be attracted by the power of elec- 
tricity, while the reſt of the flame will be re- 
pelled from it by the current of air. 

Tuxsg experiments led me to make a diſ- 
charge through an inſulated bell, in order to 
obſerve in what manner it would be affected 
by the electric ſhock only, when it was not 
touched by any thing elſe. Accordingly, I 
made the diſcharge of the battery through it 
ſeveral times; and by each exploſion it was- 
made to ring, as loud as it could be made to 
do with a pretty ſmart ſtroke of one's finger | 
nail. | 

I ALso made a diſcharge of the battery 
through the external coating of a glaſs jar, 
but without touching it with the diſcharging 
rods; and it plainly produced the ſame . tone, 
as when it was rung by ae 4 
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Yanove EXPERIMENTS RELATING 70 
CHARGING AND DISCHARGING GLASS 
* JARS AND BATTERIES: 


8 ſeveral things have occurred, in the 
| . courſe of my experiments, relating to 
charging and diſcharging both common jars 
and large electrical batteries, which I have not 
ſeen in the writings of any electricians; and 
as ſome of the facts are not eaſily accounted 


for, I ſhall mention a few of the more 


remarkable of them, juſt as they happened. 
Ap the 28th. As I was amuſing my- 
ſelf with charging three jars of the ordinary 
ſize, while they ſtood upon a metal plate on 
the table, with their wires at different diſ- 
tances from the ſame prime conductot, which 
was fixed on pillars of baked wood; I ob- 
ſerved, that whenever one of the jars, which 
ſtood next to the conductor, diſcharged itſelf, 
the others would diſcharge themſelves too; 
though they were far from having received 
their full charge, being placed at a greater 
diſtance from the common conductor, and 
conſequently having taken but few ſparks, 


in compariſon of that which ſtood the 


neareſt. 
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A vaRIETY of experiments ſeem to ſhow, 
that, while a jar continues charged, the elec- 
tric matter is continually inſinuating itſelf 
farther and farther into the ſubſtance of the + 
glaſs, ſo that the hazard of its burſting is the 
greateſt ſome time after the charging is 
over. | 

May the 26th. After having charged 
forty-one jars togethers, each containing 
about a ſquare foot of coated glaſs, I let them 
ſtand about a minute and a half, while I was 
adjuſting ſome part of the apparatus, in order 
to make the diſcharge; when they exploded 
by the burſting of one of the number. I ob- 
ſerved alſo, that the jar which was burft 
was. at a conſiderable diſtance from the 
place where I ſaw the flaſh at the wires. 
It was alſo broke through in two different 
places. Ro 99" dens nd iS. 

Fox the ſame reaſon, there is no being 
ſure that jars, which have ſtood one diſcharge, 
will bear another equally high. I am con- 
fident that ſeveral of mine have burſt with a 
much leſs charge than they had actually held 
beo: 1 7 75:5) 1 — 70 

Jovs the 29th. A jar of an ordinary ſize, 
which had been in conſtant uſe for ſeveral 
months, and which had diſcharged itſelf more 
than a hundred times without any injury, at 
length burſt,” as I was diſcharging it at the 
prime conductor. The hole was at a different 
place from that at which the diſcharge was 
made, but this — not always happen The 
tip of my little finger happened to lie very 
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lightly on the place, and I felt it was burſ 
by a Nat pricking, as of a pin, though the 
exploſion at the conductor was nearly equal to 
that of any other diſcharge. The coating of 
a jar contiguous to one that is burſt is al way, 
melted by the exploſion. ©. 
* "PORN WES — A ſmall thin phial, which 
Had been charged fingly as biok as it could 
bear, fo as to have diſcharged itſelf, and 
alſo in conjunction with four others of in 
own ſize, burſt by a ſpontaneous exploſion, 
| when it was charged in conjunction wath a 
battery, 

[ HAD never heard of a jar burſting in 
more than one place, or more than one jar it 
aà battery burfting at the ſame time; but 
have often found, to my coft, that this event 
is very poſſible. In this caſe, there muſt be 
a diſcharge at more places than one at the 
fame time: and, beſides, it ſeems to follow 
from it, that whenever there is a folicitation, 
a we may ſay, to diſcharge at one place, the 
effort to diſcharge at every 'other place is en- 
ereaſed at the ſame time. 

Ir has frequently happened with me, that 
jars have been burſt at the inſtant that I was 
making the diſcharge in the common way; 
and when 1 have come to charge them again, 
they have appeared to be burſt, in fome place 
of the battery where I never expected it. 
Two inftances of this kind happened in the 

exploſion mentioned above; but the moſt re- 


markable fact of this kind happened the 300 
of May, when a r of about forty oh 


* 
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dach containing a 
diſcharged itſelf. | 
Upon examination, I found that ſix of the 
jars were burſt, one had the tinfoll coating on 
N the oathde quite melted, in a circular ſpot 
about half an inch in diameter; and in the 
inſide it was burned quite black, near an inch 
N and an half, A ſecond was melted on the 
outſide, about three quarters of an inch in 
diameter, and the black ſpot in the inſide was 
two inches. A third had one hole made in 
de form of a ſtar, more ſmall cracks like 
radii proceeded from a center than could be 
counted. And there was hardly one of the 
jars that was burſt with a ſingle hole. Some 
yere burſt in ſeven or eight different places, 
of which ſome were very remote from others 
but generally there was one principal hole, 
and ſeveral ſmaller, but independent ones, 
in the neighbourhood of it, as within half 
an inch, an inch, or two inches from it. 

Joxs the 14th. The above mentioned bat- 
tery diſcharged itſelf once more ; when three 
jars were burſt, and one of them, beſides its 
principal hole, had a circular row of fractures, 
quite round the hole, at the diſtance of about 
half an inch., This appearance ſtruck me as 
ſomething very remarkable, but ſome light 
may perhaps be thrown upon it by a ſubſe- 
quent courſe of experiments, Each of the 
imaller fractures was ahout a tenth of an inch 
in length. | 

NovemBex the 17th. Having charged both 
my batteries, one of them, at that time, of 
| Ka: - thirty- 


ſquare foot of coated glaſs, 
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thirty-one ſquare feet, and the other of thirty. 
two, I made the exploſion ; when one jar in 
each battery was afterwards found to be 
broken. I hey broke at the inſtant of the diſ- 
charge, ſo that I did not ſuſpect what had 
happened. Both the batteries had frequently 
borne a much higher, charge. In one of the 
fmaller jars, the coating, beſides being burſ 
oppoſite to the hole, was rent about an inch 
and an half along a crack that was made 
from it. 
Wu jars diſpoſed in batteries have been 
burſt in this manner. I have never failed to 
obſerve one circumſtance which appears to me 
truly remarkable. It is, that though, in this 
caſe, ſeveral paſſages be opened for reſtoring 
the equilibrium of the electric fluid, yet the 
whole ſeems to paſs in the circuit that is form- 
ed for it externally. At leaſt, the effect of the 
exploſion is not ſenſibly diminiſhed, upon any 
ſubſtances that are expoſed to it. This I had 
a fair opportunity of obſerving when I was 
_ tranſmitting the exploſion of the battery 
through wires of different metals. I found 
that the utmoſt force of the battery would do 
little more than melt a piece of filver wire on 
which I was trying it, and yet it was, at one 
time, totally diſperſed by an exploſion, in 
making which three jars were broken in diffe- 
rent parts of the battery. 

Tus moſt remarkable fracture l ie 
was of a jar an eighth of an inch thick, and 
which was therefore, for a long time, thought 
to be too thick for uſe. This jar, however, 


which 
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which had never held but a moderate charge, 
burſt ſpontaneouſly ; when there was found in 


it one hole like what is commonly obſerved, 


from which extended two cracks that met on 
the oppoſite ſide of the jar, ſo that it came in 
two parts: but, beſides this, there were two 
other holes, barely viſible to the naked eye, 


at the diſtance of ſome inches from the prin- | 


cipal hole, and conſiderably diſtant from one 
another. Yet theſe holes, when examined 
with a microſcope, were plainly fractures, 
like others made in the ſame manner, having 
a white ſpeck in the middle. One of them was 
above the external coating, but not above the 
internal, $_ | IT. 

I nap frequently been much ſurpriſed at 
the great diſtance at which ſeveral of my jars 
would diſcharge themſelves, one of five inches - 
being very common. This induced me to try 
at what diſtance I could make that ſpontaneous 
diſcharge, | 

FEBRUARY the 21ſt. I got a jar, eight 
inches and a half in depth, and three in dia- 
meter. Finding it diſcharged itſelf very eaſi- 
ly, when coated in the uſual manner, that is, 
about four inches from the top; I cut the 
coating away, till I had brought it within two 
inches and a quarter from the bottom; when 
it ſtill retained the ſame property; and, at 
length, it burſt by a diſcharge through. a 
white ſpeck of unvitrified matter, an inch 
and three quarters above the top of the coat- 
ga ed © eee | 
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I IRE procured a jar made blue with 
gaffre, ſeven inches and a half high, and two 
inches and an half in diameter, I coated of 
it only one inch and a quarter from the bot. 
fom, and yet it diſcharged itſelf very readily. 
I afterwards, by degrees, cut the. coating 
down. to little more than balf an inch from the 
bottom, and ſtill the diſcharge continued to 
be made as before, This property it retained 
till the month of October following, when it 
was broke by an accident, FEES» | 
TI nave another blue jar, of nearly the 
ſame ſize with the former, which is almoſt 
full of braſs duſt, but has no coating at all on 
the outſide. Yet, if I ſet this jar upon the 
table, in contact with a ſingle piece of braſi 
-chain, going quite round jt, and lying upon 
the table, it will diſcharge itſelf the whole 
length of the glaſs. N. B. The manner in 
which the uncoated part of theſe jars become: 
charged exhibits an exceedingly beautiful ap- 
pearance, eſpecially in the dark; the fire 
flaſhing from the top of the coating, in the 
form of branches of trees, firſt on one fide 
of the glaſs, and then on the other, and 
growing larger and larger till they go over 
the top. Int 1 $45 ITOHS 

I rHave made ſome experiments, to tt) 
how thick a plate of glaſs may be charged, 
but l have not been able to aſcertain this cir- 
cumſtance with any degree of exactneſs: | 
only found, that I was not able to give the 
leaſt charge to a plate of glaſs half — 
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thick, when it was not warmed. It was the 
bottom of a large glaſs tumbler ; but meeting 
with it only upon a journey at the houſe of 
an ingenious electrician, I had no opportuni- 
ty of making many experiments upon it, J 
imagine that warming it would have made 
it capable of being charged. Glaſs ,of a 
quarter of an inch thick will hold a pretty 
good charge. 

Ms. KinNnERSLEY's experiments leaving 
me no reaſon to doubt, ,but that Florence 
flaiks.were capable of receiving a charge like 
any other thin glaſs, which might be made a 
conduQor by heat, I imagined ” could ſoon 
conſtru a very ſtrong and vety cheap eleg- 
trical battery out of them. Accordingly 1 
procured a few, for a ſpecimen, but was 
greatly ſurpriſed to find that the electricity 
went through them, when quite cold, like 
water through a ſieve, without making any 
fracture in them: for they continued to hold 
the ſame ſmall charge, which was different in 
different flaſks. Mentioning this diſappoint- 
ment to Mr. Canton, he informed me, that 
he had met with the ſame, and that the per- 
meability of this kind of glaſs to the electric 
fluid was owing to ſmall unvitrified 
which may be ſeen in them. I thought it 


might be of uſe to publiſh this fact, as it may 


prevent other perſons from being diſappoint- 
ed in the ſame expectations. 

As glaſs had generally been charged when 
it was ſmooth, and electrics which had the 
property of rough glaſs, when excited, were 
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| exceedingly difficult to charge; I; had the cu- 
rioſity to try what might be done with rough 
g/aſs itſelf; Accordingly, I firſt made part of 
a jar rough, connecting the inſide with the 
outſide coating; thinking that the roughneſ 
might poſſibly promote a ' ſpontaneous diſ- 
charge; but I found it was. not made in that 
place preferably to any other. I afterwards 
took the poliſh from all that part of the out- 
ſide of a jar that was above the coating, but 
it was charged and diſcharged exactly as be- 
fore. Laſtly, I made a plate of glaſs rough 
on both ſides, taking off all its poliſh, and 
found that it received a charge as well as a 
' ſmooth plate. 

THe manner in which tubes and plates of 
glaſs have broken, when I have failed to 
ſtrike a metallic tinge into them, by the diſ- 
charge of an electrical battery, have ſome- 
times been attended with cireumſtances which 
I cannot eaſily account for, The following 
are the fads, 

D+cemBeR the zd. Endeavouring to fix a 
metallic tinge upon 'a flat piece of glaſs, it 
was broken by the exploſion, parallel to 
the line along which the metal lay, at about 
an inch diſtance, but not where the tinge itſelf | 
Was. 

Id attempting to give a metallic tinge to a 
part of a long glaſs tube, it broke, though 


not in the place where the tinge was made, 


but on the oppoſite ſide, which was ſhattered 
all to pieces. The leaf gold had been bound 


5 tight to the e under a na paſteboard, 
which 


* 


which covered the gold, but not all the 
tube. Another tube alſo was broken in 
large fragments where the metal had been 
put on, but into ſmall ſplinters on the oppo- 
ſite ſide; and for the ſpace of ſix or ſeven 
inches farther, it was not broken at all on 
the ſide of the metal, but very much on the 
other ſide. 

AT another time, in attempting the ſame 
thing with another glaſs tube; the end of it, 
which was near a foot diſtant from the place 
where the metal was laid, and which was a 
little cracked in an oblique direction, broke off 
in a round piece. 

As few experiments have been publiſhed 
about melting wires, and procuring globules 
of metal by electrical diſcharges, and as ſeve- 
ral things have occurred in my attempts that 
way, which perhaps have not occurred to 
other perſons, I ſhall mention a few of the 
moſt material circumſtances. They will, at 
leaſt, ſerve as a direction to thoſe who. may 
be diſpoſed to attempt the ſame thing. 

Ju Ab frequently attempted to procure 
thoſe beautiful g/obules of metal, ſome of 
which I had ſeen with Mr Canton? and 
for that purpoſe had made the diſcharge 
through ſmall wires laid in the bottom of 
china bowls, &c. but always witliout ſuc- 


_ ceſs, At length, I thought of incloſing the 


wires in ſmall tubes; and this expedient fully 


- anſwered my purpoſe: for, November the 
* * diſcharging a battery of thirty-two 


ſquare 
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fquare feet through an iron wire ineloled in 1 
ſmall glaſs tube, I found innumerable glo- 
\ bales of the metal, of very different fizes. 
The whole piece melted was about two inches, 
Breaking the glaſs tube, I found the inſide 
furface uniformly covered with thoſe globules, 
and a black duſt, both fixed into the glaſs; 
fo that they they could not be ſeparated, with- 
| out tearing away part of the glaſs. | 

T#inKxInG to avoid this inconvenience, l 
fixed the ſmall wire in the center of a glafs 
tube, of, at leaſt, a quarter of an inch in dia- 

meter; but, upon the diſcharge, this tube, 
though much wider than the former, was 
' uniformly covered with the globules, and the 


| » black duſt, which ſtuck very faſt to it, though 


"the metal did not ſeem to have penetrated into 
me ſubſtance of the glaſs, When the tube was 
broken, I ſcraped off part of the black lining, 
and the part next the glaſs looked like a thin 
plate of the metal. 
+ InAGiniNG that the melted metal would 
not adhere ſo eloſely to a conducting fub- 
| — as it had to the glaſs, I incloſed the 
wire in a paper tube a quarter of an inch 
© wide. Upon opening it after the diſcharge, 
"Mt was found uniformly covered with that 
black duft, and the tain was every where in- 


- delible. Sparks of fire had been ſeen three feet 
from the place of diſcharge, but no part of the 
Ten could be found. 

I Tnen confined the wire cloſer, wra wrapping 
it tight in paper. * the diſcharge, 2 


1 pl great 


T Www TY oo 5 0 i any 


DS. a... 


9 


rere UT " We 


ay” © WW. 


lar globules. 


oo WW 53 


8 | 
great number of ſparks were ſeen; for about 
a ſecond of time, a quartet of a yard from 


the paper,” which was burned through in ſe- 


yeral places. Very few pieces could be 
found, but thoſe were pretty large and irte- 
gular. I now found, that, in order to pro- 
duce theſe globules, the charge muſt be mo- 
derate, that when the charge was very high, 
the whole ſubſtance of the wire was diſperſed 


in particles too ſmall to be found; and, on 


the other hand, when the - charge was not 
ſufficient; the metal was melted into frag- 
ments too large to form themſelves into regu- 

Wiru the ſame battery I once melted a 
piece of iron wire one ſeventieth of an inch 
in diameter, when a piece of it was thrown 
22 acroſs the table, to the diſtance of about 
ſix feet; where it fell upon a bureau, then 
tumbled down to the ground, and continued 
glowing hot all the time. At other times, 
ſparks from melted iron have been thrown 
three yards, in oppolite directions, from the 
place of the fuſion, and continued a ſenſible 
ſpace of time red-hot upon the floor. 

AT another time I had a very fine oppor= 
tunity of obſerving what part of the con- 
ductors which form an electric circuit are 
moſt affected by the exploſion; for, upon 
diſcharging a battery of fifty-one ſquare feet 
through an iron wire nine inches long, the 


whole of it was glowing hot and continued 


lo for ſome ſeconds; the middle part proving 


252 EXPERIMENTS, &e.” 
cool firſt, while both the extremities were ſen- 
fibly red. Upon examining it afterwards, 
both the extremities were found quite melt- 
ed; an inch or two of the part next to them 
were exceedingly brittle, and crumbled into 
ſmall pieces upon being handled ; while the 
- middle part remained pretty firm, but had 
quite loft. its poliſh, ſo that it looked darker 
than before. 


. 
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S I have conſtructed an electrical bat- 
tery of conſiderably greater force than 
' any other that I have yet heard of, and as I 
have ſometimes expoſed animals to the ſhock 
of it, and have particularly attended to ſeveral 
circumftances, which have been overlooked, 
or miſapprehended by others; it may not be 
improper to relate a few of the caſes, in which 
the facts were, in any reſpeQ, km or worth 
notice. 

Jons the 4th. I killed a rat with the diſ- 
charge of two jars, each containing - three 
ſquare feet of coated glaſs. The animal died 
immediately, after being univerſally convulſ- 
ed, at the inſtant of the ſtroke. After ſome 
time, it was carefully diſſected; but there was 
no internal injury perceived, particularly no 
extravaſation, either in the abdomen, thorax, 
or brain. 

Jon the 19th. 1 killed a 
kitten with the diſcharge of a battery o — 
three ſquare feet; but no other effect was ob- 
ſerved, except that a red ſpot was fnd on 
the pericranium, where the fire entered. I. 
endeavoured to bring it to life, by diſtending 
the 8 blowing with a quill into the 


trachea, 
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3 trachea, but to no purpoſe. The heart beat a 
ſhort time after the ſtroke, but reſpiration 
ceaſed immediately. | 
Jone the 2 iſt. "I killed a ſmall field-mouſe 
with the diſcharge of a battery of thirty-ſix 
ſquare feet, but no other effect was perceived, 
except that the hair of the forchead was ſing- 
ed, and in part torn off. There was no ex- 
travaſation any where, though che animal Was 
ſo ſmall, and the force with which it was 
killed ſo great. This fact, and many others 
of a ſimilar nature, make me ſuſpect ſome 
miſtake, in caſes where larger animals are faid 
to-have bad all their blood veel burſt by x 
much inferior force. 27 
In all the accounts that I have met with of 
animals killed by the electrie ſhock, the vic- 
tims were either ſmall quadrupeds, or fowls; 
and they are all reprefented as killed ſo ſud- 
denly, that it could not be ſeen how they 
were affected previous to their expiration. In 
ſome of my experiments, the great force of 
my battery has afforded me a pretty fair op- 
pPortunity of obſerving in what manner the 
animal ſyſtem is affected by the electric ſhock, 
the animals which I have expoſed to it being 
pretty large; ſo that a better judgment may 
be formed of their ſenſations, and conſe- 
quently of the immediate cauſe of their death, 
by external ſigns. I do not pretend to draw 
any epncluſion myſelf from the following 
facts. I have only noted them as carefully 
as could ur the uſe of phyſicians and ana- 
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over. After a thort reſpite, there came on 


were — he fell a and lay 
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Jous the 26th. I diſcharged 4 


that inſtant, ſhe was violently — 


{maller convulſions, in various muſcles, par- 
ticularly on the ſides; which terminated in a 
violent convulſive reſpiration, attended with a 
rattling in the throat, This continued five 
minutes, without any motion that could be 
called breathing, but was ſucceeded by an 
exceedingly quick reſpiration, which coa - 
tioued near half an hour. Towards the end 
of this time, ſhe was able to move her head. 
and fore fitet, fo as to puſh herſelf backwards 
on the floor ; but ſhe was not able to move 
her bind fret in the leaſt, notwithſtanding 
the hock had not paſſed through them. While 
the continued in this condition, I gave her a 
ſecond ſtroke, which was attended, as before, 
with the violent con vulſion, the hort reſpite, 
and the convulſtve reſpiration; in which, af- 
ter continuing about a minute, ſhe died. | 
Berne willing to try, for once, the effect 
of a much ſhock than that which kill- 
ed the cat upon a large animal, I gave an ex- 
ploſion of ſixty-two ſquare feet of coated 
glaſs to a dog of the ſize of a common cur. 
The moment he was ſtruck, which was on 


the head (but, not having a very good light, 


I could not tell exactly where) all his limbs 


* 


- 
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without any motion, or ſign of life for 
about a minute. Then followed convulſions, 
but not very violent, in all his limbs; and 
after that à convulſive reſpiration, attended 
with a ſmall rattling in the throat. In about 
four minutes from the time that he was ſtruck, 
he was able to move, though he did not offer 
to walk till about half an hour after; in all 
which time, he kept diſcharging a great quan- 
tity of ſaliva; and there was alſo'a great flux 
of rheum from his eyes, on which he kept 
nog} his feet; though | in other reſpects be 
ectly lifleſs. He never opened his 

eyes Ar the Seng in which he was ſtruck, 
and the next morning he appeared to be 
quite blind, though! ſeemingly well in every 
other reſp 

Having diſpatched the PAs ; Sy ſhooting 
him through the hinder part . his head, I 
examined one of his eyes (both of which had 


an uniform blueiſh caſt, like a film over the 


pupil) and found all the three humours per- 
fectly tranſparent, and, as far as could be 
judged, in their right ſtate; but the cor- 


nea was throughout white and opaque, like 


A bit of griſtle, and remarkably thick. 
BeFore this experiment, I had imagined, 
that animals ſtruck blind by lightning had 
probably a gurta ſerena, on account of the 
concuſſion which is ſeemingly given to 
the nervous ſyſtem by the electric ſhock; 
whereas this caſe was evidently an inflam- 
e 8 NM by the exploſion * 
made 
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made ſo near the eyes, terminating in a ſpecies 
of the albugo; but which I ſuppoſe would 
have been incurable. One of the eyes of this 


dog was affected a little more than the other; 


owing, probably, to the ſtroke being made a 
little nearer to one eye than the other. I in- 
tended to give the ſtroke about an inch above 
the eye. Bn” 
In order to aſcertain the effects of electri - 
city on an animal body, I, after this, began 
a courſe of experiments on the conducting 
power of its conſtituent parts; and for ſome 
time imagined that a piece of ſpinal marrow 
of an ox conducted ſenſibly worſe than the 
muſcular fleſh ; but after a great number of 
trials with pieces of ſpinal marrow from va-' 
nous animals, and pieces of muſcular fleſh, 
of the ſame ſize and form, and in various 
ſtates of moiſture and dryneſs, I gave up 
that opinion as fallacious; but I can- 
not help wiſhing the experiments were re- 
ſumed with ſome more accurate meaſure 
of conducting power than hath yet been 
contrivet. | | 
Beis willing to obſerve, if poſſible, the 
immediate effect of the electric ſhock on the 
heart and lungs of animals, I gave, June the 
ith, a ſhock from fix ſquare feet to a frog, 
In which the thorax had been previoully laid 
open, ſo that the pulſation of the heart might 
be ſeen. Upon receiving the ſtroke, the 
lungs were inſtantly inflated ; and, together 
with the other contents of the thorax, thrown 
Vo. II. 8 _ quite 
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quite out of the body. The heart, however, 
continued to beat, though very languidly, 
and there was no other ſign of life for about 
ten minutes. After that, a motion was firk 
perceived under its jaws z which was propa- 
gated, by degrees, to the muſcles of the 
fides; and at laſt the creature ſeemed as if 
it would have come to life, if it had not 
been ſo much mangled. The ftroke en- 
tered the head, and went out at the hind 
feet. 

June the 6th. I diſcharged a battery of 
thirty-three ſquare feet through the head and 
whole extended body of another frog. Im- 
mediately upon receiving the ſtroke, there 
was, as it were, a momentary diſtention of 
all the muſcles of the body, and it remained 
| ſhrivelled up in a moſt ſurpriſing manner, 

For about five minutes there appeared no 
' ſign of life, and the pulſation, of the heart 
could not be felt with the finger. But at- 
terwards, there firſt appeared a motion under 


the jaws, then all along the ſides, attended 


with convulſive motions of the other parts, and 
in about an hour it became, to all appearance, 
as well as ever. 4 

Tux ſame day, I gave the ſame ſtroke to 
two other frogs. They were affected in the 
ſame manner, and perfectly recovered in lels 
than three hours. 

Tuzse facts ſurpriſed me very much. | 
attribute the recovery of the frogs partly to 
the moiſture, which always ſeems to cover 

| their 
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their body, and which might tranſmit a good 

of the ſhock; and partly to that provi- 
Fon in their eonſtitution, whereby they can 
ſubſiſt a long time without breathing, To aſ-— 


certain this, I would have given the ſhock to 
toads, ſerpents, fiſhes, &c. and various other 
exanguious animals, but I had not an oppor- 
tunity, Beſides, it is paying dear for philoſo- 
phical diſcoveries, to purchaſe them at the ex- 
pence of humanity, 
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SECTION ix. 


ExPERIMENTS ON THE CIRCULAR SPOTS 
- MADE ON PIECES OF METAL BY LARGE 
- ELECTRICAL EXPLOSIONS, | 


N the courſes of experiments with which 
I ſhall preſent the reader. m this and the 
two following ſections, I can pretend to no 
ſort of merit. I was unavoidably led to them 
in the uſe of a very great force of electricity. 
The firſt new appearance was, in all the caſes, 
perfectly accidental, and engaged me to pur- 
ſue the train; and the reſults are fo far from 
_ favouring any particular theory or hypotheſis 
of my own, that I cannot perfectly reconcile 
many of the various phenomena to any hypo- 

- theſis. n 
Fon the firſt of my giving any particu- 
lar attention to electrical experiments, I en- 
tertained a confuſed notion, that a perſon 
would ftand the beſt chance for hitting upon 
ſome new 'diſcovery, by applying a greater 
force than had hitherto been uſed. Conſider- 
ing the prodigious number of electrical ma- 
chines that were in the hands of ſo many in- 
genious men, in different parts of the world, 
I imagined that all that could be done 77 „itil. 
had been tried; and that the uſual experi- 
ments had been diverſified and combined y 
| 5 amo! 
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almoſt every method poſſible; whereas, ſince 
elerical machines, I obſerved, had,. of late 
years, been gradually reduced into "lels and 
leſs compaſs, a great power of electricity 
would be almoſt a new thing, and might 
therefore ſupply the means of new experi- 
ments, Even Pr. Franklin's force, I conſi- 
dered, was ſmall, in compariſon of what 
might eaſily be raiſed, and without a very 
great expence. 

W1TH theſe general and random expecta- 
tions, I kept gradually increaſing my quan- 
tity of coated glaſs, till I 'got a battery of 
thirty, forty, ſixty, and at length near eighty 
ſquare feet; and the reader will, in ſome 
meaſure, have ſeen already, that I was not 
wholly diſappointed *in it. The following 
courſes of experiments are more remarkable 
inſlances of the advantage I derived from this 
power of electricity. 

Tux firſt remarkable fad that I was by 
this means led to diſcover, is that of the cir- 
cles with which' pieces of metal that receive 
electrical exp —— are marked. I ſhall faith- 
fully relate al the circumſtances, and varieties 
in which it has been exhibited, and the ob- 
ſervations I have made upon it and this 
[ cannot do better than by writing the narra- 


tire, in the order i in Which the appearances 


occurred. 

Jung the 14th, 1766; After diſcharging a 
battery, of about forty ſquare feet, with a 
ſmooth braſs knob, I accidentally obſerved 
upon it 4 * ud circular Jpats the cen- 

3 | ter 
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ter of which ſeemed to be ſuperficially melt. 
ed, in a great number of dots, larger near 
the center, and ſmaller at a diftance from it, 
Beyond this central ſpot was-a circle of black 
duſt, which was eaſily wiped off; but, what 
J was moſt ſtruck with was, that, after an 
interruption of melted places, there was an 
intrie and exact circle of ſhining gots, con- 
fiſting of places ſuperficially melted, like 
thoſe at the center. The appearance of the 
whole, exclufive of the black duſt, is repre- 
ſented, Plate I. fig. 5. No: 1 

Jon the 14th. I took the ſpot upon 
ſmooth pieces of lead and filver. It was, in 
both caſes; like that on the braſs knob, only 
the central ſpot on the filver conſiſted of dots 
diſpoſed with the utmoft exactneſs, like 
radii from the center of a circle, each of 
which terminated a little ſhort of the external 
circle, 

ExA MINING the ſpots with a microfcope, 
both the ſhining dots that formed the l 
ſpot, and thoſe which formed the external 
circle, appeared evidently to confiſt of cavities 
reſembling thoſe of the moon, as they ap- 
pear through a teleſcope, the edges projecting 
ſhadows into them, when they were held in 
the ſun. | 
Tur moft beautiful appearance of this 
kind was exhibited by a ſpot, which I took 
on a gold watch cafe. Beſides the cavities, 
there were, in feveral places of the ſpot, hol- 
low bubbles of the metal, which muſt have 


been "ang when it was in a ſtate of fuſion. 
Theſe 
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Theſe looked very beautiful when examined 
with a microſcope in the ſun, and were eaſi- 
ly diſtinguiſhed from the cavities, by having 
their radiant points (which were very remark- 
able, and dazzling to the eye) on oppoſite 
ſides to thoſe of the cavities, with reſpect to 
the fun. The whole progreſs ſeems to have 
been firſt a fuſion, then an attraction of the 
liquid metal, which helped to form the 
bubbles; and laſtly the burſting of the bubbles, 
which left the cavities. N. B. By this explo- 
fion half an inch of a ſteel wire, one ſeventieth 
of an inch in diameter, was melted, and en- 
tirely difperſed. In the diſperſion, ſparks of 
it were ſeen red-hot, above half a yard from 
the place where the wire had lain. This 
circumſtance I have frequently obſerved 
ſince, 

I Took the circular ſpot upon poliſhed 
pieces of ſeveral metals, with the charge of 
the ſame battery, and obſerved that the cavi- 
ties in them were ſome of them deeper than. 
al others, as I thought, in the following order, 
beginning with the deepeſt, tin, lead, braſs, 
4 gold, fteel, iron, copper, filver. 


's I.w1LL not be very poſitive as to the order 
in of ſome of the metals, but ſilver was evident- 
ly not affected a fourth part ſo much as gold, 
r and much leſs than any of the others. The 
*. circles were marked as plain, but the impreſ- 
by fon was more ſuperficial. Qu. Is this owing 


l to the heat being ſooner diffuſed equably 
5 through a piece of ſilver, than through the 


E ſubſtance of any other metal ? 
c TL 7 I THOUGHT 


264 CIRCLES MADE BY - 

I THOUGHT there might poſſibly: be ſome 
difference in the circles on metals which had 
been a long time in a ſolid form, and thoſe 
which had been lately fluid; and to aſcertain 
it, I made the exploſion between a piece of 
lead juſt ſolid after melting, and another 
ſmooth piece, that I had kept a conſiderable 
time. 

Tux piece of freſh lead was melted more 
than the other, but there was no other differ- 
ence between them. 

Tur ſemi-metals, as 67 iſmuth 8 zin, 
received the ſame impreſſion” as the pro- 
per metals; being melted about as much 
as iron. 

I MADE three diſcharges between a piece 
of highly poliſhed fteel, and a piece of very 
ſmooth iron; and in all the caſes thought the 
ſteel was more deeply melted than the iron. 
mention this experiment more-particularly, on 
account of the ſingular, and beautiful ap- 
pearance of the circular ſpot upon the ſteel in 
two of the diſcharges. A circular ſpot, of 
about an eighth of an inch in diameter, was 
uniformly melted, and pretty well defined; 
and there was a ſpace round: this central ſpot, 

of the ſame breadth, uniformly. filled with 

ſmall melted places; but in one of them twice 
as large as in the other. They exhibited the 
exact appearance of a planet ſurrounded by a 
denſe atmoſphere; ſuch as, I think, I re- 
member ſeeing the figures of, in the plates of 
Burnet's — th of the Earth. The other 
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Wu the kitten above mentioned was 
killed, there was no circular ſpot, or any 
fuſion .on the braſs knob. I have always 
found it the moſt perfect, when the circuit has 
been compoſed of the beſt conductors, and had 
the feweſt intervals. OR 39! © 

Tune the 19th. Hanging the caſe of one 
watch upon the braſs knobs communicating 
with the inſide of the battery, and receiving 
the exploſion from it upon the caſe of another 
watch, which was ſometimes of the ſame, 
and ſometimes of a different metal, and mea- 
ſuring the circles afterwards; I found them 
to be very nearly of the ſame diameter. The 
ſmall varieties ſeemed to be accidental; or at 
leaſt did not depend, either upon · the metal, 


thought it pretty evident, from a great num- 
ber of experiments, that the metal which 
communicated with the outſide of the battery, 
and which I held in my hand to take the 
exploſion; was marked the more diſtinctly of 
the two. . 1 
Ir ſeemed that, when the battery was 
charged very high, the central ſpot was the 
moſt irregular, many of the dots which com- 
poſed it ſpreading into the outer circle, and 
ſome dots appearing beyond the outer circle, 
and very much effacing it; ſo that the beſt 
way, to procure a diſtinct circle, is to take a 


moderate charge of a very large battery. This 


may be the reaſon why the outer circle can- 
not be perceived, when only ſmall jars are 
uſed; the circumference of the circle being 

) very 


or the direction of the electric fluid. But I 
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very ſmall, and the charge generally too high. 
In a very weak charge, it is too faint to be 
perceived. I have ſometimes, however, ſeen 
a very diftin& circle made by only two jars, 
each containing half a ſquare * foot of coated 

* 
F Tur diameter of the ſpot bens to depend 
upon the quantity of coated glaſs; but in 
what proportion, I have not yet accurately aſ- 
certained 

I ave obſerved a good deal of variety in 
the external circles. Sometimes they have 
conſiſted of pretty large dots, diſpoſed at near- 
ly equal diftances, in an exact circle ; which, 
in the ſpaces betwixt each large dot, was 
completed'by ſmaller dots, viſible only by a 
microſcope. But, generally, the external 
circle conſiſts of a ſpace full of dots, placed ir- 
regularly, but fo that a line drawn through the 
midſt of them makes a pretty exact circle 
round the central ſpot. 

PRESENTLY after I had obſerved the Gal 
circle, I imagined that, whatever was the 
cauſe of the appearance, it was not impro- 
bable, but that zwo or more concentric circles 
might be procured, if a greater quantity of 
coated glaſs was uſed, or perhaps if the ex- 
ploſion was received upon metals that were 

more eaſily fuſed than braſs. © Accordingly, 
June the 25th, taking the moderate charge of 

a battery, conſiſting of about thirty-eight 
0 — feet, upon a piece of tin, I firſt ob- 
' ſerved a ſecond outer circle, at the ſame diſ- 

tance from the firſt, as the firſt was from the 
Ter" central 
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central ſpot. It conſiſted of very fine points 
hardly viſible, except when held in an advan- 
tageous light; but the appearance of the whole 
was very beautiful, ſuch as is ' repreſented, 
Plate I. fig. 5. No, 2, 
Jos the 28th. I got another double cir- 
cle, on a flat pewter ſtandiſh, much plainer 
than the former, the outer being - about 
the ſame diſtance from the inner, as the 
inner was from the outfide of the central 
ſpot. | ; 
„ hitherto found the circles the 
moſt diſtint on metals that melt with the 
leaſt degree of heat, I ſoon after procured a 
uy of that compoſition which melts in boil- 
ng water; and having charged ſixty ſquare 
feet of coated glaſs, I received the exploſion 
with it, and found, what I was Ely dts 
to get, three concentric circles; the outermoſ 
of which was not quite fo far from the next 
to it, as that was from the innermoſt. All 
the ſpace within the firſt circle was melted ; 
but the ſpace was very well defined, and by 
no means like a central ſpot, which in this 
caſe was quite obliterated. The appearance of 
theſe three concentric circles 1s repreſented, 
Plate I. fig. 5. No. 3, | 
I ave ſeveral times ſince found parts of 
three concentric circles upon braſs knobs, 
when I have uſed no more than thirty ſquare 
feet of coated glaſs. They ſeem to be more 
eaſily perceived, when the knobs are a little 
tarniſhed : for then the ſmall dots, in which 
the metal is melted, are more eaſily diſtin- 
| | guilhed, 
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guiſhed, eſpecially when they are held ! in 2 
proper light with reſpe& to the ſun. 
. I Maps many attempts to make theſe cir- 
cles larger than I had uſually found them up- 
on pieces of metal, chiefly by means of worſe 
conductors ; thinking that the electric matter 
not being ſo well conducted, and paſſing with 
leſs rapidity, would ſpread wider, This was 
bably the caſe, but then it is likewiſe pro- 
able, that I wanted force to make ſuch an 
impreſſion” viſible. For this purpoſe, how- 
ever, I received the exploſion between two 
ieces of raw fleſh, two potatoes, two moiſt 
e and things of a ſimilar nature, but 
without any effect whatever; no mark at all, 
or, at leaſt, nothing regular remaining upon 
them. When I took the. exploſion upon a 
piece of wood charcoal, it heed to be melt- 
ed, and run in ſmall heaps, within the ſpace 
of about the uſual diameter of a circular ſpot; 
and when I took it upon a piece of pit char- 
coal, a piece ſeemed to be ſtruck out of it, and 
a hole was left in it; but there was no regular 
Circle upon either of them; nor was there any 
ſenſible ignition in either caſe. 

Ar one time I laid a. piece of Lad ore, 
ſeraped very ſmooth, upon the wires of the 
battery, and took the exploſion with a piece 
of tin ore ſcraped in the ſame manner; but 
though J examined the places with a micro- 
ſcope, I could not be ſure that there was any 
part melted, much leſs any regular circular 


= ſpot; but there lay on both of them a yellow 


matter, like ſulphur, round the place mw 
* We "the 
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the exploſion was taken, and a very diſagree- 
able ſmell was excited. This probably aroſe 
from a mixture of the ſulphur of the lead ore, 
and the arſenic of the tin ore. 

I RECEIVED the exploſion in vacuo, at the 
diſtance of about three inches; but found no 
regular circular ſpot, owing, probably, to 
the two ' interruptions I was obliged, in this 
caſe, to'make in the circuit, one in the air, 
and the other within the receiver; by means 
of which the effect of both would be weaken- 
ed, the whole force being, as it were, di- 
vided between them : for in all ſuch cafes, 
though both the exploſions were made in the 
open air, 1 found the circles leſs perfect. 

AFTERWARDS, I contrived to make the 
exploſion in one additional atmoſphere of 
condenſed air, but the circles were ſmaller, 
and leſs diſtin than the other two circles, 
which J was 'obliged, at the ſame time, to 
make at the other interruption of the circuit, 
in the open fir. The denſer air would pro- 
bably — the electric matter within a nar- 
rower compaſs; in the ſame manner as the 
common air prevents that diffuſion of it which 
is remarkable in vacuo. 

Tux diftance at which the charge was - 
made occaſioned no difference in the diameter 
of theſe circular ſpots. When, by putting a 
drop of water upon the braſs rod communi- 
cating with the inſide of the battery, I made 
the diſcharge at the diſtance of two inches, the 


ſpot was juſt the ſame as if it had been receiv- 
: ed 
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ed at the diſtance of half an inch, i. e. about 
a quarter of an inch in diameter- 

1 airways found that if the exploſion was 
obliged to paſs through any bad conductor 
before it reached the metal, the impreſſion it 
made upon it was contracted, and deeper than 

if it had been received immediately by the 

metal. This was evident when paper, a piece 
of bladder, or varniſh were put upon the braſs 
rods with which the diſcharges were . made; 
though a very thin coating of varniſh or mioiſ- 
ture did not intirely prevent the appearance of 
the circles, 
_ In making a courſe of experiments with 
bad conduQtors, and in uſing various methods 
to promote the diſcharge of the battery it 
greater diſtances than uſual, I was peculiarly 
ſtruck with ſome phenomena which occurred 
in the uſe of water. 

I 2UT a drop of water, about a carter of 
an inch in diameter, upon the braſs rod com- 
municating with the inſide of the battery, and 
took the exploſion directly over it. The diſ- 
charge was made at the diſtance of about an 
inch, and the - extremity of the drop was 
marked with a moſt beautiful circle, exceed- 

ingly well defined on the infide, and vaniſh- 
ing gradually outwards, like a fine ſhade in 
drawing. But what ſtruck me moſt in the ap- 
pearance was, that, in this n chere ane 
central ſpot. 

Nor knowing what this new Ae 

was owing to, I wetted a piece of ſmooth 


copper, 
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copper, which lay upon the wires of the bat- 
tery, and taking the exploſion upon it, I only 
found a long ftreak at the edge of the wetted 
place, well defined on the fide of the water, 
but-vaniſhing gradually on the oppoſite fide, 
as in the former cafe. In this, and other ſi- 
milar experiments, I obſerved that the electric 
matter avoided the water, and would go a 
greater. way in the 1150 in order to ce at the 
metal. - - 

I THEN laid more water upon the copper, 
but ſo as only to moiſten it; for the ſurface, 
being convex, would not allow it to lie in 
any great quantity ; and upon taking the ex- 
ploſion, I found no circle, but ſeveral beauti- 
ful circular ſpots melted very deep, one of 
which was much larger than the reſt, Theſe 
experiments ſeem to ſhow, that the electrie 
matter meets with a conſiderable reſiſtance in 
paſſing through water, which confines its ex- 
curſion more than the air; and that, by ſuch 
a condenſation, its force is greatly increaſed, 
ſo as to leave deeper impreſſions upon the 
metal than when it had paſſed only through 
the air; in like manner, if two pieces of 
metal be placed, nearly in contact, or if they 
be light, and one of them lie upon the other, 
the impreſſion made upon both of them, by 
the diſcharge of the battery paſſing through 
them, will be conſiderably deeper than it 
would have been if the electrie matter had not 
been confined to ſo n. a Farr od an the 
points in contac. 34. * 
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To account for the formation of theſe con- 


© centric circles, nothing ſeems to be neceſſary, 
but the ſuppoſition of the elaſticity of the 
electric fluid, whereby its particles repel one 
another. For then, ſuppoſing a quantity of 
electric matter to iſſue from one piece of metal 
to another, through the air, it will endeavour 
to ſpread, but will be confined in its paſſage 
by the ſurrounding electric medium, and the 
ſtrong attraction of the oppoſite metal. If 
this piece of metal have a flat ſurface, or one 
that is nearly ſo, the fluid will be attracted 
by it pretty equally, within a certain ſpace; 
ſo that the mutual repulſion of its particles 
will have room to exert itſelf, any produce a 
diviſion of the whole quantity; and as this 
repulſion is the ſame in all directions, the 
effect muſt be itt throwing itſelf into a circle, 
or ſeveral concentric circles, on its entering 
the oppoſite piece of metal, and conſequently 
melting it, in that form. For the fame rea- 
{on the circles themſelves will conſiſt of ſepa- 
rate dots, each of which might have been 
cauſed by the fluid in another hollow circle, 
but being ſo ſmall, the fuſion of the metal 
could 'not ſhow that circumſtance. 

OF the circles being formed in this man- 
ner, I have been in a manner an eye witnels, 
when I have preſented a flat piece of metal 
to a large prime conductor ſtrongly electriſied, 

and have ſeen the large ſparks, five or ſix 
inches long, divide about the middle, and ſtrike 
the metal 1 in a circle, about an inch in diame- 
| and, j 
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ter; generally with a central (pot, but ſome= 
times without one. 

Tu manner in which ſeveral of the jars, 
mentioned in a former ſection, were broken 
ſeems to be analogous to the formation of 
theſe eireles. I mean thoſe that were piere- 
ed with a number of ſmall holes in the 
neighbourhood of the principal one; but 
more eſpecially that which was broken with an 
intire circle of ſmall and independent fractures 
round the principal hole. 

Tus remarkable ſtory of the five wink 
of whom the firſt, - third, and fifth were kill- 
ed by lightning, as they were walking in a 
right line; and which was mentioned before, 
a analogous to a fact obſerved by Mr. Mon- 
nier, will perhaps be thought more ana- 
logous to this. For ſuppoſing the diameter 
of the concentric cireles formed by lightning 
to be ſafficiently great, and the central ſpot 
to fall upon the third perſon, the two on 
each fide of him would eſcape, by being in 
the firſt interval round the central ſpot ; while 
the two who walked firſt and laſt would fall 
into the-eircumference of the firſt circle. But 
other facts lead me to think, that all theſe 
effects may have been produced by a con- 
ſtant ſtream of electric matter, in a pro- 
greſſive motion, the firſt part of which be- 
ing diſcharged upon any object, the ſtream 
18 weakened when it meets with the ſecond, 
but is (accumulated again when the third 
comes in its way, and ſo alternately, as 

Vor. II. T long 
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long as the ſtream and the line of objects 
continues. This account ſeems to be ren- 
dered more probable by the number of ob- 
jects that have been ſtruck in this manner, 
particularly in a caſe which is related by 
Dr. Wallace in his account of the Orkney 
iſlands, p. 78. © In the year 1680,” he 
ſays, the lightning entered a gentleman' 
& cow-ſtall where were twelve cows ſtand- 
* ing fide by fide, as they uſed to be, and 
& killed every other one; that is, it kill- 
& ed the firft, and miſſed the ſecond; it 
4% killed the third and miſſed the fourth; 
« and fo of the reſt, ſo that ſix were kill 
ed, and fix remained alive and untouch- 
616 ed.“ | 
 ComMmmvunicATING this experiment to Dr. 
Price, he fuggeſted to me, that the cir- 
cles ealled fairy rings, which conſiſt of 
_ graſs of deeper green in paſture fields, and 
which have by ſome been imagined to be 
occaſioned by lightning, might be analogous 
to the circles above mentioned, but that they 
want a central ſpot. I have fince examin- i « 
ed one of theſe rings. It was about a yard 
n diameter, the ring itſelf about a qua- 
« 
« 


ter of a yard broad, and equally fo in the 
whole circumference ; but there was no ap- 
pearance of any thing to correſpond to the. 
central ſpot. « 
I nave fince met with a curious article in 
the Philoſophical Tranſactions, relating to 
thoſe fairy circles, communicated by Mr. 
6 | Jetlop, 
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eſſop, which confirms the ſuppoſition of 
their being -occationed by lightning, and 
with which 1 ſhall therefore conclude this 
ſection. | 17A e 

« I HAvE often been puzzled to give an ac- 
count of thoſe phenomena, which are com- 
« monly called fairy-circles. I have ſeen 
« many of them, and thoſe of two ſorts; one 
« ſort bare, of ſeven or eight yards diameter, 
making a round path ſomething more than 
« a foot broad, with green graſs in the middle; 
« the others like them, but of ſeveral big- 
© nefles, and encompaſſed with a circumfer- 
« ence of graſs, about the ſame breadth, 
* much freſher and greener than that in the 
« middle. But my worthy friend Mr. Wal- 
ker, gave me full ſatisfaQtion from his own 
«experience ; it was his chance one day, to 
* walk out among ſome mowing graſs (in 
« which he had been but a little while before) 
after a great ſtorm of thunder and lightning; 
« which ſeemed by the noiſe and flaſhes to 
have been very near him: he preſently ob- 
« ſerved a round circle, of about four or five 
yards diameter, the rim whereof was about 
* a foot broad, newly burnt bare, as the co- 
© lour and. brittleneſs of the graſs roots did 
* plainly teſtify, He knew not what to 
* aſcribe it unto but to the lightning, 
* which, beſides the odd capricios re- 
* markable in that fire in particular, might 
* without any wonder, like all other fires, 

| ; of © © move 
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« move round, and burn more in the ex- 
« tremities than the middle. After the 
« graſs was mowed, the next year it 
« came up more freſh and green in the 
« place burnt, than in the middle, and at 
e mowing-time was much taller and ran- 


« ker ®.7 


* Phil, Tranſ, abridged, Vol. ii. p. 183. 
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SECTION X. 


ExPERIMENTS ON THE EFFECTS OF THE 
ELECTRICAL EXPLOSION p1scnarG- 
ED THROUGH A BRASS CHAIN, AND OTHER 
METALLIC SUBSTANCES. 


ROM the very firſt uſe of my battery, 
I had obſerved very black ſmoke or duſt 
to ariſe upon every diſcharge, even when no 
wire was melted, and the braſs chain I made 
uſe of was of a conſiderable thickneſs. Of 
this circumſtance, however, I only made a 
ſight memorandum, as what I could not 
then account for, and paid no particular at- 
tention to it; till on the 13th of June 1766, 
| was ſtruck with another caſual appearance, as 
| was intent upon the experiments relating to 
the circles above mentioned. 
I osseRveD, that a piece of white paper, 
on which lay the chain I was uſing to make 
the diſcharge, was marked with a black fam, 


as if it had been burnt, wherever the links 


had touched it. Yet I could not then think 
that it could be burnt by ſo thick a chain. I 
imagined the chain muſt have been dirty, and 
the dirt have been ſhaken off by the ſtroke, 
Still however I neglected the experiment till, 
oblerving a very ſtriking appearance of the 


lame kind, on the iſt of September follow- 


T 3 | ing, 
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ing, I was determined to attend to the circum. 
| Nances of it a little more particularly than ! 
had done.” | 33 

I MADE my chain very clean, and wra 
ping it in white paper, I made a diſcharge 
of about forty ſquare feet through it, and 
found the ſtain wherever it had touched the 

r. | | 
1 time after, I wrapped the paper, in 
the ſame manner, round a piece of braſs 
wire; but, making a diſcharge through it, 
ſaw no ſtain. To aſcertain whether this ap- 
pearance depended upon the diſcontinuity of 
the metallic circuit, on the '14th of the 
ſame month, I ſtretched the chain with a con- 
ſiderable weight and found the paper, on 
which it lay as the ſhock paſſed through it, 
hardly marked at all. 

FINDING that it depended. upon the diſ- 
continuity, I laid the chain upon white paper, 
making each extremity faſt with pins ſtuck 
through the links; and when I had made the 
diſcharge, obſerved that the black ſtains were 
oppolite to the body of the wire that formed 
the chain, and not to the intervals, as I had 
ſometimes ſuſpected. D 

SEPTEMBER the 18th. Obſerving that a 
pretty conſiderable quantity of black matter 
was left upon the paper, on every diſcharge 
with the ſame chain; I imagined it muſt have 
loſt weight by the operation; and to aſcer- 
tain this circumſtance, I took another chain 
not ſo thick as that I had uſed before. It was 
five feet four inches long, and weighed exact- 


ly 
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ly one ounce, ſeventeen penny-weights, four 
grains. After the diſcharge, I found it had 
loſt exactly half a grain of its weight. The 
ſhock had only paſſed through a part of it, 
the reſt lying on a heap. I then diſcharged 
the ame ſhock through its whole length, and 
weighed it, found it had loſt juſt another half 
grain. By repeated experiments I found, af- 
terwards, that the ſureſt way to ſtrike off part 
of its weight, was to make the ſhock paſs 
through a ſmall part of its length, and that 
when a conſiderable length was uſed the event 
was uncertain. . | 

N. B. Tres: and all the following expe- 
riments, except where the contrary is expreſſ- 
ed, were made with a battery of thirty-two 
ſquare feet, that force appearing to be ſuffici- 
ent, and the charging of it not taking up 
much time. At the time of both the above 
mentioned diſcharges, an iron wire of one 
ſeventieth of an inch in diameter was made 
red-hot, but was not melted. 

OB8ERviNG how deep a ſtain was made by 
the links of a thick braſs chain, I had the cu- 
riolity to try what would be the conſequence 
of ſending a ſhock through a piece of char- 
coal, Accordingly I took a ſmall piece, about 
half an inch in length, and found that, in the 


' diſcharge, it was all blown to duſt. The 


paſteboard on which it lay was torn, the char- . 
coal being forced into it, ſo that the impreſ— 

lion appeared on the other ſide. The black- 
neſs was ſpread to a great diſtance, and the 


tinge every where indelible, 
| 2 SEPTEM= 
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© SEPTEMBER the 21ſt. In making the mark 
above mentioned, on part of the ſheet of pa- 
per, on which I had written an account of 
the experiment to Dr. Franklin, I happened 
to lay the chain ſo as to make it return at a 
ſharp angle, in order to impreſs the form of 
a letter on the paper; and obſerved that, up- 
on the diſcharge, the part of the chain that 
had been doubled was diſplaced, and pulled 
about two inches towards the reſt of the chain. 
At this I was ſurpriſed, as I thought it lay ſo, 
as that it could not ſlide by its own weight, 
Upon- this I repeated the experiment with 
more accuracy. I ſtretched the whole chain 
along a table, laying it double all the way, 
and making it return by a very ſharp angle. 
The conſequence always was, that the chain 
was ſhortened about two inches, and fome- 
times more; as if a ſudden pull had been 
given to it by both the ends. 

ConsIDERING that this pull muſt have been 
given to it by the ſeveral links ſuddenly re- 
pelling one another, at the inſtant of the ex- 

ploſion, I compared. the links with the black 
marks that were made by them upon the 
table, and found that each link had been pull- 
ed from the place on which it had lain, and 
moſt of all, at the greateſt diſtance from the 
Place of the exploſion. | 
+->-CoNVINCED that the chain had been ſhor- 
tened by the mutual repulſion of the links, I 
endeavoured to meaſure with exactneſs how 
much the ſhortening was, in a given length 
of chain, To do this, I meaſured two o 
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four inches of the chain, as it lay upon the 
table, in one ſtraight line, without any re- 
turn, one end being fixed and the other 
moveable; and found that, upon diſcharging 
ſixty- four ſquare feet through it, it was ſhor- 
tened a quarter of an inch in its whole length. 
I had-contrived that the ſuddenneſs of the mo- 
tion ſhould not throw one part of the chain 
upon the other. 

SUusPECTING that the black ſmoke, which 
roſe at every diſcharge, might come, not from 
the chain, but from the paper, or the table 
on which it lay, and which was probably 
burnt by the contact of it, I let the chain hang 
freely in the air; but, upon making the diſ- 
charge, I obſerved the ſame black groſs {ſmoke 
that had before riſen trom the paper or the 
table. It was therefore part of the metal it- 
ſelf, which had been converted into that black 


To give my reader a better idea of the 
mark made upon white paper by a chain, 
through which the electric ſhock is tranſmit- 
ted, 1 laid a chain upon the original drawing 


of Plate I. for the engraver to copy as exact- 


ly as he could; and he has ſucceeded pretty 
well. The breadth of the ſpots are about the 
mean thickneſs of the wire of the chain, and 
[a, &] marks the place to which that part 

of the chain which was returned was thrown 
back, by the ſudden repulſion of the links. 
I Hap before obſerved the eleqric ſparks 
betwixt each link to be moſt intenſely bright, 
. ſo 
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ſo as, ſometimes, to make the whole chain 
appear like one flame in the dark; but the 
appearance of the ehain at the inſtant of the 
ſhock, as it hung freely in the air, was ex- 
ceeedingly beautiful; the ſparks being the 
largeſt and brighteſt at the bottom, and 
fmaller, by degrees, towards the top, where 
they were ſcarcely viſible ; the weight of the 
lower links having brought them ſo much 


_ - nearer together. 


SEPTEMBER the 26th. Being ftill in ſome 
doubt whether the blackneſs that was left on 
the paper came from the burning of the pa- 
per, or ſomething that was thrown from the 
chain; I once more hung the chain freely in 
air, and put under it, but ſo as not to touch 

it, a piece of white paper, on which I alſo 

laid a few pieces of down, to obſerve whether 
they would be affected by any electrical at- 
traction or repulſion, On making the diſ- 
charge, the down was all difperſed, and the 
paper was marked with a black ſtain, near 
the length of an inch; which was the diſtance 
at which the two parts of the chain hung 
from one another, a little above the paper. 
Some parts of the ftain were deeper than 
others, the whole mark conſiſting of four 
different ſpots of a deeper black, joined by 
fainter ſtreaks, anſwering to four links of the 
chain, which hung nearly parallel- to the 
paper. The ftain could not be wiped off 
with a handkerchief, though it was not ſo 
deep as when the chain had touched the 


paper . 
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paper. Thus I was ſatisfied, that a conſider- 
able part, at leaſt, of the blackneſs had-come 
from the chain. 

SEPTEMBER the 27th. Willing to aſcer= 
tain more exactly what part of the chain, the 
ſolid links, or the intervals, was moſt affect- 
ed by the ſhock; I dipped it. in water, and 
laying it quite wet upon a piece of white 
paper, diſcharged a ſhock through it. Part 
of the water was thrown into my face, being 
ſcattered in all directions, and all the chain 
left inſtantly and perfectly dry. The paper 
was very much ſtained for the ſpace of an 
inch broad, wherever the chain lay; not 


equably, but as if it had been handled with 


dirty fingers. The ſtain was, indelible, and 
where the chain was returned, a hole was 
ſtruck quite through the paper. 
| To determine whether the paper, in the 
above mentioned inſtances, had really been 
burnt, as well as famed. I laid a part of the 
chain, at the time of the laſt diſcharge, upon 
three half crowns; and found they were all 
melted, in the places where the chain had 
touched them, The marks made by the fu- 
ſton were about the breadth of the chain, and 
ſo deep that nothing but a tool could efface 
them. 

To determine, if poſſible, more ſenſibly 
what it was that made the black tinge, I laid 


the chain upon my hand, when I had a mo- 


derate charge; and it was marked juſt like 
the paper. I felt a kind of pricking or burn- 
ing at the inſtant of the exploſion, and the 

painful 
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painful ſenſation continued a ſmall ſpace of 
time. 

I MADE no doubt but that with a heat chat 
melted metals, I could eaſily contrive to fire 
gunpowder ; but, though I laid the chain 
upon the grains, and rammed the powder 
about the chain put through. a quill, I could 
not ſucceed. In the firſt caſe, the powder 
was diſperſed ; and in the ſecond, the quill 
was burſt, and there was a ſmell, as after an 
exploſion of gunporder, but no actual firing 
of it. 

HirnHTRTO I had always put the chain in 
contact with bodies that were conductors. I 
was now willing to try what would be the 
conſequence of laying it in contact with elec- 
trics. Accordingly, I dipped the chain in 
melted roſin, till it had got a coating of a con- 
ſiderable thickneſs. When it was quite ſtiff, I 
laid it carefully, without bending, upon white 
paper, and made the diſcharge through it. 
The roſin was inſtantly diſperſed from all the 
outſide of the chain, it being left as clean as 
if none had ever been put on. That with 
which the holes in the chain had been filled, 
having been impelled in almoſt all directions, 
was beaten to powder; which, however, 
hung together, but was perfectly opaque; 
whereas it had been quite tranſparent, before 
this ſtroke. I felt ſome of the roſin fly in my 
face. The ſtain upon the paper was very 
deep, containing a good deal of roſin, and 
ſeveral holes were ſtruck through the paper on 


which it was laid. A half crown, on which 
part 
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part of the chain had lain, was melted, and fo 
deeply ſtained with the roſin, that it could not 
eaſily be cleaned. - 

I NEXT laid the chain upon a piece of glaſs; 
and conſidering how both the half crown and 
the roſin had been affected, expected it 
would have been broken to pieces; but inſtead 
of that, the glaſs was marked in the moſt 
beautiful manner, wherever the chain had 
touched it; every ſpot the width and colour 
of the link. The metal might be ſcraped off 
the glaſs at the outſide of the marks; but in 
the middle part it was forced within the pores 
of the glaſs; at leaſt nothing I could do would 
force it off. On the outſide of this metallic 
tinge was the black duſt, which was eaſily 
wiped off, 

I nave ſince given the ſame tinge to glaſs 
with a filver chain, and ſmall pieces of other 
metals; but could not do it with large 
pieces. They were melted where they 
touched one another, but the glaſs was not 
tinged. | 

OcToBER the 7th. I had the curioſity to 
try, whether I could not give a tinge to glaſs 
with quickſi|ver. In order to this, I laid ſome 
_ globules in a right line, and laid a thin piece 
of glaſs upon them, to flatten them, and 
bring them nearer into contact with one an- 
other. Both the ſlips of glaſs were ſhattered 
in a thouſand pieces, and diſperſed all over 
the room, ſeveral of them flying in my face; 
though no part of the quickſilver could be 

| | found, 
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found, except what adhered to ſome. fragments 
of the glaſs, to which it had given a kind of 
uniform whiteneſs; but no diſtinct globules 
could be ſeen, and it was eaſily wiped off, ſo 
that no part of it was fixed in the glaſs, My 
| head ached all the remainder of the day, 
A which I attributed to the fumes of the mer- 
c 
n the 28th. Having dipped the 
chain in water, and found it inſtantly diſperſ- 
ed, I wiſhed to ſee what would be the Fea 
of diſcharging a ſhock through a chain quite 
covered with water. Accordingly, little ima- 
gining the conſequence, I laid the chain upon 
a piece of white paper, in the bottom of a 
china diſh, and poured in water juſt ſufficient 
to cover it. Alſo, under one part of the 
chain, and in the water, I put a half crown. 
Upon the exploſion, the water was blown 
about the room, to a great diſtance, the half 
crown was melted in two places, the diſh bro- 
ken into many, pieces, and the part that lay 
immediately under the chain into very 
ſmall fragments. The paper was a little 
ſtained, and the water, 1 could perceive, 
had been a Free fouled > the black 
_ duſt. 
Bex certain that the diſh muſt Have 
been broken by the concuſſion given to the 
water by the electric ſpark under it, in the 
manner in which Signior Beccaria's tubes 
+ were broken (though 1 had not ſeen his work 


at that time, but had ſeen the Gena” at, 
r. 
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Mr. Lane's *) I had the curioſity to try what 
would be the effect of making a diſcharge 
through the chain hanging freely in water. I 
therefore got a tin veſſel, holding a quart, and 
letting the chain hang three inches and a half 
below the ſurface of the water, made the diſ- - 
charge. The electric ſparks appeared intenſe- 
ly bright in the water, all along the chain; 
ſome of the water was thrown out, and the 
veſſel appeared to have been preſſed with ſome 
force upon a book, which I had put under it, 
a viſible impreſſion being made upon it. 
The veſſel muſt have received a great con- 
euſſion: for the duſt had been ſhaken from 
the bottom upon the book, though I had car- 
ried the veſſel up and down the room, 
without perceiving that any duſt adhered 
to it, 

I was willing to repeat this experimerit 
with fome variation of circumſtances, and 
faſtened a piece of ſmall ſilver wire to two 
pieces of ſtrong braſs wire, and plunged the 
whole an inch or two under the ſurface of 
the water. Upon the diſcharge, the ſilver 
wire was melted, at leaft ſnapped aſunder, the 
veſſel had been preſſed downwards more vio- 
lently than before, a conſiderable quantity of 
the water was thrown about the table, and 
ſome was daſhed perpendicularly upwards, 
againſt the top of the room ; where there were 


o See his account of it, Phil. Tran. Vol, Ivii. p. 458, 


five 
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five wet places, each about the bigneſs of 4 
half crown. I have ſince frequently melt- 
ed wires under water, and have even made 
large Pieces. of iron wire red-hot in the 
water. 


SEPTEMBER the 29th. I made a diſcharge 
through three pieces of the ſame chain, each 


being a different circuit, They all left their 

- impreſſion upon the paper, and nearly 
-.. equal. Alſo three out of four pieces made 

pretty equal marks, but the fourth failed 
intirely. 

Ar another time, a chain, which commu- 
nicated with the outſide of the battery, but 
which made no part of the circuit, made 
the black ſtain on a piece of white paper on 
which it accidentally lay, almoſt as deep as 
the chain that formed the circuit. I was then 
melting a piece of wire, which had the ſame 
effect as uſing a bad conductor. The ſame 

thing has frequently happened ſince. 
NoveMBER the 12th. I put a chain through 
a glaſs tube, ſo wide as that it could only 
touch one fide; and upon the diſcharge, ob- 
ſerved four ſets of marks, made by the metal 


being driven into the glaſs; as if four chains 


had been in the tube, and all had received the 
ſhock. 'Two of the rows, on one' of which 
I imagine the chain had lain, were better 
marked than the other two, but all were very 
Plain. 

Tus laſt thing that engaged my attention 


with reſpect to this courſe of experiments, 
was 
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was that black duſt which I have obſerved to 
be diſcharged from the braſs chain, and other 
pieces of metal. As it was fo extremely light 
as to riſe like a cloud in the air, fo as ſome- 
times to be viſible near the top of the room; 
Iconcluded that it could not be the metal it- 
ſelf, but probably the calx, or the calx and 
phlogi/ton, in another kind of union than that 
which conſtitutes a metal; and that the elec- 
tric exploſion reduced metals to their conſti- 
ment principles as effectually as any opera- 
tion by fire could do it, and in much leſs 
time. I was- confirmed in this opinion by 
finding, in the firſt place, that this black 
duſt collected from a braſs chain would not 
conduct electricity, which is known to be a 
property of the calces of metals, and alſo 
by the reſult of ſome of the following expe- 
nments, - Wa 

Cons1DERING this black duſt as a proof of 
calcination, and obſerving it to be produced 
when I made the exploſions for the circular 
ſpots between gold and filver watch-caſes, 
s was related above; I began to think I 
had made a calcination of - thoſe metals, 
which all the chymiſts ſay is impoſſible : 
but the following experiments convinced me, 
that it could only be the alloy that was 
in them which had yielded the black duſt 
or calx. 75 

SENSIBLE that my experiments with theſe 
metals would eonclude nothing, unleſs I got 
the ſpecimens quite pure, I firſt procured a 

Nor. I. _ U ſmall 


* 
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| r of gram gold, which I was in- 
— was the pureſt that the goldſmithi 
know, and diſcharged an- exploſion of the 
battery through a train of the pieces, an inch 
and a half in length, laid on a piece of white 

per. Only two of the larger grains could 
de found after the exploſion. Two leaves d 
paper were burnt, or torn through in ſevenl 
Places, and more would probably have bee 
torn in the ſame manner, if I had uſed more, 
But what I principally attended 'to was the 
tinge that was given to the paper, with a 
view to which I had made the experi 
ment. The paper was ſtained near an 
inch on each fide of the train, with black in- 
termixed with red, making an odd motley 
appearance. 

Wirn the fame view, I Jaid a ſimilar train 
of bits cut with a knife from a piece of a 
pure ſtlver as I could: procure. They were 
diſperſed, and the paper burat through, in 
.the ſame manner as with the gold ; and the 
.tpace of about an inch on each fide of the 
'frain was ſtained with black intermixed with 

a deep yellow, which was conſiderably diffe- 


rent from the tinge made by the fuſion of the 


gold. 


Tur blackneſs in theſe tinges convinced 
me, that there had been a calcination of ſome 
part of the metal; but I was convinced it 
muſt have been ſome alloy, by an experiment 

I preſently after made with a piece of leaf 


gold; iv I believe, n the pure 


.. ©, wy» 00 esse. 


greater. part of 


- 
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that can be got. A ſmall flip of this I put 
through a quill, letting a part hang out at 
each end; and when I had made the diſcharge 
thraugh it, I found the quill tinged with- a 
beautiful v million red, without the leaſt ins 
termixture of black. When I diſpetied a 
ſlip of leaf braſs in the ſame manner, the 
| the tinge was black, with 
$ little brown mixed with it in a few 


In order to aſceftain whether the black 
duſt was a pure calx, or contained a por- 
tion of the metal, I procured a ſmall quan- 
tity of it, by ſending an exploſion through 
ſome pieces of iron wire, ſometimes put 
into a quill, ſometimes laid upon white 
paper, and ſometimes upon glaſs, or incloſed 
in glaſs tubes; but could never be quite ſure 
that there was any part of it that was not af- _ 
fected w. ch the magnet, which the mere calx 
would not have been. | 

Some of the experiments with the braſs 
chain, related in this ſection, are ſimilar to 
one of Mr. Wilſon's, mentioned vol. I. p. 121, 
concerning bodies placed without the elec- 
tric circuit being affected with the explo- 
fon, As to the cauſe of this, and the 
other appearances above mentioned, I have 
no conjecture worth communicating to the 
public, I have only purſued the analogy 
of facts, and that not very far. Others may 
compare them, purſue them farther, and aſ- 
certain their cauſes. | _ 

| „ 
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Mz. CanTon has ſince clearly proved 
the calcination of pure gold and filver by 
the heat of electrical exploſions, produc- 
ing numberleſs moſt beautiful globules of 
tranſparent glaſs, and alſo others tinged 
with all the varieties of colour from thoſe 

metals. He has alfo made it probable, that 
the blach duſt mentioned in this ſection, is the 
calx, or glaſs of the metal, reduced to ſmaller 
particles than the laws of optics require to 
— colour. 


SECTION 
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ExPERIMEN TS ON THE PASSAGE OF THE 
ELECTRICAL EXPLOSION OVER 
THE SURFACE or s0MEgE ConDUCT=- 
ING SUBSTANCES, WITHOUT ENTERING 
THEM. X 


OBSERVED, 1n relating the experiments 

on ice, that, in my attempts to aſcertain 
is conducting power, I ſometimes ſaw the 
flaſh of the electrical exploſion ſtrike direQly 
to the chain, along the ſurface of the ice. 
But as this paſſage on the ſurface was pro- 
duced only by a common jar, it was not 
much greater than the. diſtance at which the 
diſcharge was uſually made, and the appear-. 
ance did not ſtrike me. But afterwards the 
lame phenomenon occurred in the uſe of my 
battery, where the paſſage over the ſurface 
o far exceeded the uſual diſtance of a com- 
mon diſcharge, that it engaged my attention 
in a very particular manner, and produced 
lome pleaſing experiments; which I ſhall re- 
cite in the manner, and nearly in the order in 
which they happened. 

DecemMBeR the lith. Thinking to make 
a circular ſpot on a piece of raw fleſh, I took 
a leg of mutton, and laying the chain that 
communicated with the outſide of the battery 

> 0-3 over 
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over the ſhank of it took the exploſion on 
the outward membrane, about ſeven inches 
from the chain ; but was greatly ſurpriſed to 
obſerve the electric fire not to enter the fleſh, 

but to paſs, in a body, along the ſurface of it 
tio tone to the chain. | 
- TmixKiNnG that this effect might be occa- 
fioned by the fatty membrane of which the 

exploſion was taken, 1 again laid the chain, 
in the ſame manner, over the ſhank, and 
took the exploſion upon the fibres of the muſ- 
cles, where they had been cut from the reſt 
of the body; but ftill the fire avoided enter- 
ing the fleſh, made a circuit of near an inch 
round the edge of the joint, and paſſed 
along the ſurface, to come to the chain as 
before, though the diſtance was near a eleven 
inches, | 

IMAcInING this effect was promoted by 
the chain lying lightly on the ſurface of the 
fleſh, and therefore not really in contact with 
it ; I took another exploſion, when the hook 
of the chain was thruſt into the fleſh; on 
which the fire entered the mutton, and, as 
held jt in my hands, both my arms were 
violently ſhocked up to my ſhoulders ; where- 
as, in the caſes of the electric fire paſſing ove! 
the ſurface of the fleſh, my fingers, hap- 
pening to touch the chain, were only at- 
fected with a flight pricking, or fſuper- 
ficial burning, which has been explained 
before. % 

Tuts phenomenon being ſo remarkable, 


and the battery by this means diſcharging 
8 $2 e s at 


Fe 


\ 
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x a diſtance about twenty times greater than 
it could ufually be made to do, I thought to 
try other fubſtances, of a conducting power 
ſimilar to that of raw fleſh; and of thefe, - 
water was the moſt obvious. Accordingly, 
the next day, I laid a braſs rod communicat- 
ing with the outſide of the battery very near 
the ſurface of a quantity of water (to reſemble 
the chain lying upon the ſurface of the fleſh, 
without being in contact with it) and, by 
means of another rod furniſhed with knobs, 
made a diſcharge on the furface of the water, 
at the diſtance of ſeveral inches from any part 
of the rod; when the electric fire ſtruck 
down to the water, and, without entering it, 
paſſed viſibly over its ſurface, till it arrived at 
that part of the rod which was neareſt to the 
water, -and the exploſion was exceedingly 
loud. If the diſtance at which I made the 
diſcharge exceeded ſeven or eight inches, the 
electric fire entered the water, making a beau- 
tiful ſtar upon its ſurface, and yielding a very 
dull found. | 3 | 
Taz reſerablance between this paſſage of 
the electric matter over the ſurface of the wa- 
ter, and that which Dr. Stukeley ſuppoſed to 
ſweep the ſurface of the earth, when a conſi- 
derable quantity of it is diſcharged to the 
clouds during an earthquake, immediately 
ſuggeſted to me, that the water over which 
it paſſed, and which was viſibly thrown into a 
tremulous motion, muſt receive a concuſhon, 
reſembling that which is given to the waters of 


the ſea on ſuch an occaſion, | 
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To try this, myſelf, and other perſons who 
were preſent, put our hands into the water, 
at the time that the electrical flaſh- above 
mentioned paſſed over its ſurface; and we felt 
a ſudden concuſſion given to them, exactly 
like that which is ſuppoſed to affect ſhips at 
ſea during an earthquake; This percuſſion 
was felt in various parts of the water, but was 
ſtrongeſt near the place where the exploſion 
was made. | | 
AFTERWARDS, I made the exploſion of a 
jar, containing three ſquare feet of coated 
glaſs, at ſome diſtance below the ſurface of 
the water, ſo as to be viſible in the water, and 
we felt the ſame concuſſion that we had done 
before, when the fire of the battery paſſed 
over the ſurface, only much weaker. The 
| flaſh of electric fire in the water does certain- 
ly diſplace ſome of it, and thereby give a ſud- 
den concuſſion to the reſt; and the ſimilarity 
of the effect is a conſiderable evidence of a 
ſimilarity in the cauſe, | 
I AFTERWARDs made the fire of a jar pals 
through the water, making a ſpace of about 
a foot part of the circuit ; when, putting our 
hands in its paſſage, they were affected, but 
in a very different manner from what they 
were before: for this evidently affected the 
nerves and muſcles of the hand internally, 
and occaſioned a ſmall degree of the ſame kind 
of convulſion which is felt by the electric 
ſhock itſelf; whereas the other was a mere 
percuſſion, affecting the ſurface of the hand. 
Both ſenſations were, indeed, felt moſt aft) 
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bly at the ſurface of the water, though our 
hands were, in ſome meaſure, affected 24 both 
as low as we could put them. 

Being willing to experience what kind of 
a ſenſation this paſſage over the ſurface 
or occaſion, I laid a chain in contact with 
the outſide of a Jar lightly on my finger, and 
ſometimes kept it at a ſmall diſtance, by 
means of a thin piece of glaſs; and, if . 
made the diſcharge at the diſtance of about 
three inches, the electric fire was viſible. on 
the ſurface of the finger, giving it a ſudden 
concuſſion, which ſeemed to make it. vibrate 
to the very bone ; and when it happened to 
paſs on that ſide of the finger which was op- 
polite to the eye, the whole ſeemed perfectly 
tranſparent in the dark. If I took the diſ- 

tance much larger, the fire entered the finger, 

occaſioning a very different ſenſation from the 
former, The one was like a blow, but of a 


very peculiar kind, whereas the other is well 


known to be a convulſion, 
I THEN ventured to put my fingers upon 


a piece of the ſpinal marrow of an ox, while 


the exploſion of the battery was paſſing over 


it, when I felt only a flight pricking, or per- 


cuſſion on each fide of my finger; and the 


| ſenſation continued for ſome time. This ſen- 
ſation did not extend at all beyond the place 


of percuſhon ; but wy wh putting two of 
my fingers on the ſame piece of ſpinal mar- 
row, when the charge of the battery was con- 
ſiderably ſtronger, I received a concuſſion 

which 
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which affected my whole hand, but it was with 
4 kind of a vibratory motion, 
PuEASED with this reſemblance of the 
earthquake, I endeavoured to imitate that 
great natural phenomenon in other reſpects; 
and it being froſty weather, I took a plate of 
ree, and placed two ſtieks, about three inches 
High, on their ends, fo that they would juſt 
ſtand with eaſe; and upon another part of the 
jee I placed a bottle, from the cork of which 
was ſuſpended a 'brafs ball by a fine thread, 
Then, making the electric ftaſh pafs over the 
 Furface of the ice, which it did with a very 
loud report, the nearer pillar fell down, while 


the more remote ſtood; and the ball, which 


had bung nearly ſtill, immediately began to 
make vibrations about an inch in length, and 
nearly in a right line from the place of the 
flaſh. 

I arTerwaDs diverſified this apparatus, 
_ercting more pillars, and ſuſpending more 
pendulums, &c. ſometimes upon bladders 
ſtretched on the mouth of open veſſels; and 
at other times, on wet boards ſwimming i in a 
veſſel of water. This laſt method ſeemed to 
anſwer the beſt of any; for the board repre- 
ſenting the earth, and the water the ſea, the 
phenomena of them both during an earth- 
quake may be imitated at the ſame time; 
pillars, &c. being erected upon the board, and 
the electric flaſh being made to paſs either over 
the board, over the water, or over them both. 
This makes a very fine experiment. 
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"Witex I firſt made this experiment of the 
electric flaſh paſſing over the ſurface of water, 
I thought it necefſary, that neither the piece 
of metal comfnunicating with the oũtſide, 
nor that communicating with the infide of _ 
the jars ſhould touch the water immediately 
before the difcharge. But I afterwards found, 
that the experiment would anſwer, thought 
either, or even both of them were dipped in . 
the water: for in this caſe the exploſion 
would till prefer the ſurface to the water it- 
ſelf, if the diſtance was not very great; and 
would even pals at a greater diſtance along the 
ſurface, when there was a nearer paſſage from 
one rod to the other in the water. 

JusT before the diſcharge, both the rods 
were obſerved to attract the water very ſtrong- 
ly. It was thrown upon the rod communi- 
.cating with the outſide when it was laid near 
half an inch above the, ſurface. When I put 
a drop of water on the rod communicating 
with the inſide, the diſcharge was made at the 
diſtance of about two inches from the ſurface 
of the water, the fire firſt deſcending perpen- 


dicularly, and then paſſing along the ſurface; 


and if the rod communicating with the out- 
fide had a drop of water upon it, it might be 
placed higher over the water than if it had 
not. At the time of the exploſion, this drop 
was elongated, and promoted the diſcharge 
very conſiderably. 

My attention was next drawn to the kind 
of impreſſion which was made upon the wa- 
ter by the paſſage of the electric fluid in this 

manner, 


1 
/ 
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manner, To aſcertain this, I firſt placed a 
ſhilling level with the water, to receive the 
exploſion before it paſſed along the ſurface ; 
and obſerved that it was melted, but only 
about half as much as I imagined it would 
have been in the common way, There was 
no regular circular ſpot. And I could never 
perceive that the braſs rod which communicat- 
ed with the outſide of the battery was at all 
melted by the exploſion. 
\ JopGiNG from the concuſſion given to the 
whole body of the water over which the 
ſhock paſſed, I thought that the trace of it 
might poſſibly be preſerved on the ſurface of 
ſoft paſte; and accordingly I made the ex- 
ploſion paſs over the ſurface of ſome, and 
lainly obſerved, that the part under the paſ- 
Ko was depreſſed ; the electric matter having 
repelled it. The impreſſion was not deeper 
where the exploſion firſt fell than in any other 
part of the track. 

To diſtinguiſh more accurately between the 
effect of the electric matter when it probably 
enters the water, and when it only paſles 
over the ſurface, I ſpread a little water, ex- 
ceedingly thin, upon the ſurface of a ſmooth 
piece of ſlate ; but, though the exploſion paſſ- 
ed over the ſurface, with its uſual violence, I 
could not perceive that it had occaſioned the 
leaſt degree of evaporation ; which Signior 
Beccaria found to be the conſequence of mak- 
ing the electrical exploſion through water in 
ſuch circumſtances. | 

WHEN 
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"Warn the exploſic on paſſed over the - ſur 
face of the plate of ice, in the experiment of 
the earthquake aboye mentioned, the ice 
ſeemed to be melted, both where the chain 
had been laid, and alſo along the track over 
which the exploſion had paſſed. But this 
melting, if it was ſuch, was not uniform; but 
looked as if a chain with ſmall links had 
been laid hot upon it; and the impreſſion was 
not at all ddeper where the exploſion was firſt 
received. | 

Wurx the exploſion paſſed over ihe Kit 
face of a green leaf, the leaf was rent in 
two directions; the longer in the track of 
the exploſion, and the other at right angles 
ETD 

I s£vERAL times made the cxrlifn on 
the ſurface, of ſnow, when it always diſ- 
ſperſed a confiderable quantity of it, making 
a hole near two inches deep, and almoſt” as 
broad as long; for it could not be made to 
paſs at a greater diſtance than aer three 
inches. | 

I was not a little ſurpriſed to find that I 
could not make this electrical exploſion paſs 
equally over the furface of ſubſtances which 
were conductors in nearly the ſame degree; 
and for a long time imagined, that this pro- 
perty was peculiar to water, or to bodies that 
conducted by means of the water they con- 
tamed. - I could never make it paſs the ſur- 
face of any kind of charcoal ; though all the 
degrees of conducting power may be found 
in different Pieces of it: and. I was the more 

con- 


* 
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confirmed in my opinion, by en that, 
though the exploſion paſſed perfectly well 
over the ſurface of a ſmooth board, that had 
been juſt wetted, and immediately wiped ag 
clean as poſſible ; yet two hours after, when 
the board was quite dry, it wquld not paſs at 
all in the ſame place. It alſo paſſed with 
great violence over the ſurface of a bladder 
which had been moiſtened about a quarter of 
. an hour before, and then ſeemed to be quite 
dry; but would not paſs in the leaſt — 
two or three hours after. In the former caſe, 
the exploſion had left a mark where it had 
fled over, darker than the reſt of the ſur- 
ce, a kind of poliſh which was on it being 
taken off: in the latter caſe, as the dry blad- 
der conducted very imperfectly, the fire 
of the charge ſpread in à beautiful manner, 
covering a ſpace of about an inch in di- 
meter... 
Tais electrical exploſion would not paſs i in 
the leaſt degree, over the ſurface of new glaſs, 
notwithſtanding its property of diffuſion 
above mentioned ſeemed to promiſe that it 
might. Neither would it paſs at all over the 


© ſurface of alum, rock ſalt, ſal ammoniac, blue 


or green vitriol, or a piece of poliſhed agate; 

though theſe are all conductors of a middle 

Fins like water ; and ſeveral of them had 

ry ſmooth ſurfaces. It alſo refuſed the ſur- 

So — dry wood, and dry leather, even the 
ſmootheſt cover of a book. 

Bur I found that I had concluded too ſoon, 


that this Pallage of the. electrical exploſion 
was 
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was peouliar to the ſurface of water, by find 
ing, firſt, that it paſſed over the ſurface of a 
touch · ſtone, and then over a piece of the beſt 
kind of iron ore, exceedingly ſmooth on 
ſome of its ſides. Iqhis piece 48 about an inch 
thiek, and about three inches in its other di- 
menſions. The full charge of a jar of three 
ſquart feet would not enter it. It was divert- 
ing to obſerve how the electrical exploſtom 
would make a circuit, round its angles, when 
it was made in a place remote from che jar. 1 
looked like a thing in vulnerable. 

Tuis electrical: exploſion paſſed over the 
ſurface of oil of vitriol with a dull ſound;.and 
a red colour, which was the only appearance 
of the kind that I have yet met with. In all 
other caſes, if it paſſed at all, it was in 2 
bright flame, and with a report -peculiarly 
loud It paſſed over the ſurface of the mot 
highly- rectified ſpirit of wine without fir- 
ing it; but when I took too great a idif- 
tance, the electric fire entered the ſpi- 
rit, and the whole Hlate was in 2 blaze in 
a moment. 

I oncs fancied that the fluidity of water 
was in a great meaſure the cauſe of this 
nomenon; but I found I could not make it 
paſs over the ſurface of quickſilver or melt- 
ed lead; though neither of the rods with 
which the diſcharge was made touched the 
metals. A dark impreſſion was made on the 
ſurfaces of both the quickſilver and the lead, 
of the * ſize of the circular ſpot; and re- 


mained 
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mained very viſible, 8 the ſtate 
of fuſion in which the metals were. 

So far was the electrical explofion from 
paſſing over the ſurface of any metal, that [ 
obſerved, if the diſtance through the air, in 
order to a paſſage through the metal, was 
ever ſo little nearer than the diſtance along 
the ſurfaces, it never failed to enter the 
metal; ſo that its entering the ſurface of the 
metal, and its coming out again ſeemed to be 
made without the leaſt obſtruction. If as 
much water was laid on a ſmooth piece of 
braſs as could lie upon it, it would not go 
over the ſurface of the water, but always 
ſtruck through the water into the metal. But 
If the metal lay at any conſiderable depth un- 
der the water, it would prefer the ſurface. It 
even paſſed over three or four inches of the 
ſurface of water as it was boiling in a braſs 
pot over the fire, in the midſt of the ſteam 
and the bubbles, which ſeemed to be no hin- 
| "Grance to it. 

ANIMAL fluids, of Ar kinds that I have 
| tried, ſeemed in a peculiar manner to favour 
the paſſage of the electrical exploſion over 
their ſurfaces, and the report 'of thoſe explo- 
ſons was manifeſtly louder than when water 
was uſed in the experiment. This I remark- 
ed more particularly when I made uſe of 
milk, the white and yolk of an egg, both 
freſh broken, and after it had ſtood a day or 
two, and had contracted a hard pellicle. In 


-all the experiments. with the egg it vas ob- 
| ſerved, - 


— 
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red, that no peculiar impreſſion was made 
n the place where the electric matter firſt 
ame upon the ſurface. . 
Ir fas very remarkable, that this; —p—_ 
nadeby all theſe exploſions, in which the elec- 
ic matter paſſed over the ſurfaces, was con- 
fderably louder than when the diſcharge was 
made between two pieces of metal; and they 
ere obſerved by perſons at ſome diſtance out 
if the houſe, and in a neighbouring houſe, 
y much to reſemble the ſmart cracking of 
zwhip ;' and indeed it would not be very eaſy 
v diſtinguiſh them. But the ſound made by 
theſe exploſions, though by far the loudeſt 
that I ever heard of the kind, fell much ſhort 
if the report made by a ſingle ] Jar, of no 
rery great ſize, of Mr. Rackſtrow's; who 
ys that it was as loud as that of a 
piſtol. 
Ir was pretty evident, that the diſtance at 
which the fire paſſed over animal ſubſtances 
ms greater than it could be made on the ſur- 
fee of water; particularly in the firſt ex- 
periment of the leg of mutton. It alſo 
aled about ten inches over the ſurface of 
piece of ſpinal marrow taken from 
n ox, 

was much ſtruck with a beautiful appears * 
ace which occurred in the courſe of theſe ex- 
periments, though it was of a different nature 
from them. When the electrical exploſion 
does not paſs over the ſurface ef water, but 
tuters the fluid, it makes a regular ſtar upon 

Vol. Mp 'Y it, 
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it, conſiſting of ten or a dozen rays; and 
what is moſt remarkable, thoſe rays which 
ſtretch towards the braſs rod that communi 
cates with the outſide of the battery are alway 
longer than the reſt ; and if the exploſion | 
made at ſuch a diſtance, as to be very ne: 
taking the ſurface, thoſe rays will be four o 
five times longer than the reſt; and a lin 
. bounding the whole appearance will be 
beautiful ellipſis, one of whole foct is perpe 
dicularly under the braſs knob with which th 
diſcharge is made. 
Ix will bein vain to attempt theſe experi 
ments without a conſiderable force. Nothing 
at all, to any purpoſe, can be done with 
common jar; ſince the exploſion of it wi 
hardly paſs over the ſurface of any condude 
farther than it will diſcharge through th 
air. The charge of a jar containing thre 
ſquare feet of coated glaſs - will not mak 
any, conſiderable appearance upon the w. 
ter; and, as far as I can judge, the dil 
tance at which the exploſion will pal 
along any ſurface is in proportion to t 
ſtrength of the charge. For this reaſon 
make no doubt but that I could have per 
formed all the experiments above me 
tioned to much greater advantage, if 
had applied a greater force, but thi 
would have required more time, and 


moderate force was ſufficient to aſcertal 
the facts. 


N. 
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N. B. IN theſe experiments, I put 
the diſcharging rod through a handle of 
baked wood ; by which means, I could 
Lich ſafety lay one end of it upon the 
1 bY wires of the battery, and make the ex- 


dei oon with the other, on what ſubſtances | 
r 0 | pleaſed. 
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$ECTION Xl. 
: ExyEmMmenTsS ov Inn TOURMALIN, 


NSATIGUED with the inceſſant charging 
of the electrical battery, and ſtunned 


with the frequent report of its exploſion, | 


was deſirous of ſome. reſpite from thoſe la- 
bours, and with pleaſure took up the gentle 


and filent TouRMALin. And I make no 
doubt but that my readers, who muſt have 


fympathized with me, will be equally pleaſed 
with the change. 

IT was in the month of Auguſt 1766, 
that, being in London, I received from Dr. 
Heberden, who is glad to encourage every 
attempt in philoſophical inquiries, his ſet of 
tourmalins ; among which was that fine one 


which had paſſed through the hands of Mr. 


Wilſon and Mr. Canton, and of which a de- 
ſcription is given in the fifty-firſt volume of 
the Philoſophical Tranſactions, p. 316. But 
notwithſtanding 1 had this valuable ſtone ſo 
long in my poſſeſſion, it was not till the latter 
end of December that I began to make any 
experiments with it, having, in the mean 
time, been engaged in other electrical purſuits 
At length, however, having brought my 
other experiments to the ſtate in which the 
2 NS reader 
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reader bath ſeen them, I was deſirous of be- 
ing an eye witneſs of the wonderful proper- 
ties of this ſtone, and of purſuing a few hints 
which had occurred to me with reſpect to it. 
The reſult of my experiments I ſhall lay be- 
fore the reader, after having informed him in 
hat manner, and with what precautions they 
were made. | | 

Tux methods 1 uſed to apply heat to the 
tourmalin were various, but they will be ſuf⸗ 
hciently explained in the- particular experi- 
ments, To aſcertain the kind af electricity, 
| always had near me a fand of baked wood, 
from the top of which projected various arms 
for different purpoſes. Three ef them were 
ef glaſs, to two of which were faſtened 
threads af ſilk, as it comes from the worm, 
ſupporting light pieces of down; from the 
other hung a fine thread, about nine or ten 
inches long; while a braſs arm ſupported a 
pair of Mr. Canton's pith balls. At the other 
extremity of this arm, which was pointed, I 
could place a charged jar, to keep the balls 
conſtantly and equably diverging, with poſi- 
tire or negative electricity. Sometimes I ſuſ- 
pended the balls, not inſulated, within the 
influence of large charged jars. And laſtly, 
| had always at hand @ fine thread of trial not 
inſulated, and hanging freely, to - obſerve 
whether the ſtone was eledrical or not when I 
began any experiments, and ſometimes to 
meaſure the ſtrength of the power which it 
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Beyore I began any experiments, I never 
Failed to try how long my electrometers would 
retain electricity, and in what degree. If the 
thread would retain the virtue for a fey 
minutes, I generally preferred it, when | 
wanted to communicate the eleQricity of the 
tourmalin, becauſe it would catch it in a mo- 
ment. If the thread would not retain the vir- 
tue long enough, or if I wanted a leſs vari- 
able degree of electricity than the thread could 
retain, I had recourſe to the feathers, which 
never failed to retain the virtue that was 
communicated to them for ſeveral hours to- 
gether. I have often found them pretty 
ſtrongly electrified, after remaining untouch- 
ed a whole night, though there had been 
no fire in the room. They might be touch- 
ed without any ſenſible loſs of their elec- 
tricity; but they received the virtue very 
anne e 
Tux reader muſt obſerve, that by the ,. 
tive or negative ſide of a tourmalin, in the 
following” experiments, I always mean the 
ſide which is poſitive or negative while the 
ſtone is cooling. Alſo, when I mention 7h 
tourmalin without any diſtinQtion, I always 
mean Dr. Heberden's large one, the convex 
ſide of which is poſitive in cooling, and the 

flat fide negative. e 

Tux conſideration of Mr. Wilcke's experi- 
ments on the production of ſpontaneous elec- 
tricity, by melting one ſubſtance within an- 
other, firſt made me conjecture, that the 1 
. | 5 1 malin 
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nalin might collect its electricity from the 
neighbouring air. To aſcertain this cireum- 
ſtance I made the following experiments, 
which ſeem to prove that my conjecture was 
juſt, It was with a view to this experiment 
that ] firſt expreſſed a deſire to have a tour- 
malin in my poſſeſſion. I afterwards found 
that Mr, Wilſon had made an experiment, men= 
toned vol. I. p. 372, which is, in part, favour- 
able to this hypotheſis, though he ſuppoſed 
the electricity to permeate the ſtone, ſo that 
one ſide might have been ſupplied from the 
other. But the following experiments will 
ſhow, that the ſuppoſition of the permeability 
of the tourmalin to the electric fluid is alto- 
gether unneceſſary to account for any of the 
appearances it exhibits. 
Ow the ſtandard bar of a moſt excellent 
er pyrometer made by Mr. Ellicott, I laid a part 
of a pane of glaſs, and upon the glaſs Dr. 
- a Heberden's large tourmalin. The bar was 
the heated by a ſpirit lamp placed underneath it ; 
the and I treated the -tourmalin in this manner, 
the to aſcertain with exactneſs when the heat was 
he ncreaſing, deereaſing, or ſtationary. In this 
7 WW iſpoſition of niy apparatus 1 obſerved, that, 
x WF whenever I examined the tourmalin, the glaſs 
be WY had acquired an electricity oppoſite to that of 
| the ſide of the ſtone which had lain upon it, 
and equally firong. If, for inſtance, I pre- 
WH fented the flat fide of the ſtone to a feather 
"WH *:frified poſitively, as the heat was inereaſ- 
F- ing, it would repel it at the diſtance of about 
"WH two inches, and the glaſs would attract it at 
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the ſame, or a greater diſtance; and when the 
heat was decreaſing; the ſtone would attrad 
it, and the glaſs repel it at the diſtance of four 
or five inches. It made no difference which 
fide of the glaſs I preſented ; both ſides at- 
tracting or repelling the; ſame feather with 
equal ſtrength, When I faſtened a fhilling 
with ſealing-wax upon the glaſs, the event 
were always the ſame, The electricity of 
both the ſhilling and the glaſs was always op- 
polite to that of the ſtone. I was ſurpriſed to 
obſerve how ſoon the electricity, both of the 
ftone and the glaſs, would change when it 
came to the turn; for in leſs than a minute! 
have ſometimes found them the reverſe of 
what they were before. Or 

| THERE was, however, in the caſes in 
which J laid the convex fide of the tourmalin 
upon the flat ſurface of the glaſs, or ſhilling, 
one Exception to the rule above mentioned, 
'viz, that, in cooling, the glaſs and ſhilling 
were politrve, as well as the ſtone. This | 
imagined to be owing to the ſtone touching 
the ſurface on which it lay in ſo few points, 
that it collected its electricity from the air, and 
imparted it to the body on which it lay; and 
this ſuppoſition was confirmed by experi- 
ment. For getting a mold made for the con- 
vex {ide of the ſtone in plaiſter of Paris, and 
heating the tourmalin in the mold, faſtencd 
to a ſlip of glaſs, I always found the mold 
and the glaſs poſſeſſed of the electricity con- 
trary to that of the ſtone, and equally ſtrong. 
When they were cooling, the mold _ 
Th | 1ome- 
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ſometimes to be more ſtrongly negative than 
the ſtone was poſitive; for, at one time, when 


the ſtone repelled the thread at the diſtance of . 


about three inches, the mold attracted it at 
the diſtance of near ſix. 
Having made the experiments above men- 


tioned with the tourmalin placed upon glaſs, 


or conducting ſubſtances, laid upon the glaſs, 


I had the curioſity to try what would be the 


of heating — cooling the ſtone 
in contact with other ſubſtances, both elec- 
tries and conductors. And theſe experiments 


brought me gradually to the diſcovery of a 


method of reverſing all tlie experiments that 
have hitherto been made upon the tourmalin, 
making that fide which is poſitive in heating 
or cooling to be negative, and that which is 
negative to be poſitive; ſo that the kind of 
electricity ſhall be juſt what the operator thall 
direct, by the application of proper ſubſtances 
to the ſtone. 

I BEGAN theſe experiments with ſubſtitut- 
ing another tourmalin inſtead of the —_ of 
glaſs above mentioned; and when only o 
of the tourmalins was heated, they were — 
affected juſt as the tourmalin and glaſs had 
been. If, for inſtance, the negative ſide of 
a hot tourmalin was laid upon the negative 
ſide of a cold one, this latter became poſitive, 
as a piece of glaſs would have been in the ſame 
circumſtances. 

Wu I heated both the tourmalins, though 
they were faſtened together with cement, 


| they both acquired the ſame power that they 


would 


would have done in the open air. In theſe 


— 
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caſes, as the ſtones could not be made to 
touch one another in a ſufficient number of 


| points, nothing could be concluded from the 


experiments. The ſame objection lay againſt 
heating or cooling the tourmalin upon rough 
glaſs; when | always found them both to be 


affected as they would have been if the glaſs 


had been ſmooth. 
: Tas conſideration made me think of cool - 


ing the tourmalin in contact with ſealing-wax, 


which might be made to fit the ſtone as exact- 


| ly as poſſible, though it were ever ſo irregu- 


lar. Accordingly I half buried the negative 
fide of a tourmalin in hot ſealing-wax; and 
when it was cold, turning it out of its waxen 
cell, found it poſitive (contrary to what it 


' would have been in the open air) and the wax 


negative. The other ſide of the tourmalin, 
which was expoſed to the open air, was af- 
feed in the ſame manner as it would have 
been if the oppoſite ſide had been expoſed to 


the air too, ſo that both ſides were poſitive in 


cooling. As the negative ſide of the tourma- 
lin became poſitive by cooling in wax, I had 
no doubt but that the poſitive fide would be 
fo, as J actually found it. + 

TI wovLD: have aſcertained the ſtate of the | 
different ſides of the tourmalin when it was 
heating in wax, but | found it extremely dif- 


ficult to do it with ſufficient certainty. It 
cannot be known exactly when the ſtone be- 


gins to cool in theſe circumſtances; beſides, 


in this method of treatment, it mult neceſſari- 


ly 
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ly be ſome time in the open air before it can 
be preſented to the electrometer; and the elec- 
tricity of the ſides in heating is by no means 
ſo remarkable as it is in cooling. In the at- 
tempts I did make with the poſitive ſide of the 
tourmalin buried in wax, [ generally found 
it negative, but once or twice it ſeemed to be 
fitive. 
" Wuen I cooled the tourmalin in quickſilver, 
contained in a china cup, it always came out 
poſitive, and left the quickfilver negative; 
but this effect could not be concluded to be 
the conſequence of the application of the one 
to the other, becauſe it is almoſt impoſſible to 
touch quickſilver with the tourmalin without 
ſome degree of friction; which never fails to 
make both ſides ſtrongly poſitive though it 
be quite cold, and eſpecially if the ſtone be 
dipped deep into it. 

Ir then occurred to me, that the tourmalin 
would not be apt to receive any friction from 
ſimple preſſure againſt the palm of my hand; 
and this being a conducting ſubſtance com- 
municating with the earth, the circumſtances 
of the experiment would be new, and might 
poſſibly produce new appearances. The event 
more than anſwered my expectations: for in 
heating or cooling the tourmalin in contact 
with the palm of my hand, each ſide of the 
ſtone was affected exactly in a manner con- 
trary to what it would have been if expoſed 
to the open air. In this caſe, though the po- 
ſitive appearances may be ſuſpected to be am- 
piguous, on account of the difficulty of avoid- 


ing 


- 
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ing ſome ſmall degree of friction, in remov- 
ing the ſtone from the hand; yet the negative 
appearances are, by that very circumſtance, 
rendered the more indiſputable, and therefore 
remove the objection from the poſitive ones. 
For the greater ſatisfaction of my reader, [ 
ſhall relate theſe experiments exaly as they 
were made. 

1 FASTENED the convex fide of Dr, Heber- 
den's large tourmalin to the end of a ſtick of 
ſealing-wax, and when it was quite cold, 
preſſed the flat fide of it pretty hard againſt 
the ſofteſt part of the palm of my hand. Im- 
mediately upon this, preſenting it to an elec- 
trified feather, it appeared to be ſtrongly ne- 
gative, contrary to what it would have been 
af expoſed to the open air ; and it continued 
negative till it had acquired all the heat it 
could get from my hand, when its power de- 
creaſed, though it was ſenſibly negative to 
the laſt. Perceiving no alteration, I let the 
ſtone cool in the open air; when, according 
to Mr. Canton's rule, it grew more ſtrongly 
negative, till it was quite cold. Thus the ſame 
ſide of the ſtone was made negative both in 
heating and cooling. 

HrArisd the ſame flat fide, by holding 
it ncar a red-hot poker, and then juſt touch- 
ing it with the palm of my hand (when 1 
could not bear it to reſt a moment) 1t became 

poſitive. Letting it cool in the air, it was 
negative, and touching it again with my hand 
it became poſitive. Thus I made the ſame 


fide of the ſtone alternately poſitive and nega- 
| tive 


* 5 
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tive for a: conſiderable time; and at length, 
when I could bear to keep it upon my hand, it 
acquired a ſtrong poſitive electricity, which 
continued till it was brought to the heat of 
my hand. 

To complete theſe experiments, I removed 
the wax from the convex fide, and faſtened 
it to the flat fide of the ſtone. Then warm- 
ing the convex fide, by preffing it againſt the 
palm of my hand, it became pretty ſtrongly 
politive, contrary to what it would have been 
if heated in the open air, and continued poſi- 
tive in a ſmall degree after it had got all the 
heat it could from my hand. Letting it cool 
in the open air, it grew, according to Mr. 
Canton's rule, more ſtrongly poſitive, and 
continued fo till it was quite cold. Thus the 
ſame ſide of the ſtone was made poſitive boch 
in heating and cooling. 

I Trex heated the convex fide, by hold- | 
ng it near a red-hot poker, and preſſing it 

gainſt the palm of my hand, as ſoon as I 
could bear it, it became (contrary to what it 
would have been in the open air) pretty 
ſtrongly negative; though it be extremely 
difficult to get a negative appearance from this 
fide. © It cannot always be catched when it is 
heating in the open air. Care, however, 
muſt be taken, leſt a flight attraction of 
the electrified feather, by a body not elec- 
| trified, be miſtaken for negative electricity. 
Having made the above mentioned-ex 
timents, to ſee how the tourmalin would be 
affected by being heated or cooled in con- 

tat 
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tat with various ſubſtances, to which only. 
one of its ſides was expoſed at once; I made 
others in which the. ſtone was entirely ſur- 
rounded by them. It appeared very evident, 
from Mr. Canton's experiment, that it could 
- anſwer no purpoſe to incloſe it in ſubſtances 
that were conductors: for though the two 
electricities ſhould be generated, the equili- 
brium would inſtantly be reſtored between 
them. I therefore made uſe of electric ſub- 
ſtances only, and began with oi and Zallow, 
both covering the tourmalin with them when 
it was hot, and alſo heating it in boiling oil. 
But this treatment produced no new ,appear- 
-ance, the electricity of the ſtone being only a 
little leſſened. The event was the ſame when 
a tourmalin was covered with cement made of 
bees wax and turpentine. 

AT laſt I made a ſmall tourmalin very hot, 
and dropping melted ſealing-wax upon it, 
covered the ſtone all over, to the thickneſs of 
about a crown piece; and found it to act 
a nearly, if not quite as well through this coat- 
ing of wax, as if it had been expoſed to the 
open air. I take it for granted, that the in- 
ſide of the caſe of wax next to the ſtone was 
poſſeſſed of the electricity oppoſite to that of 
the ſtone, at the ſame time that the outſide 
was the ſame with it. A pretty deception 
may be made by means of this experi- 
ment; for if a tourmalin be concealed in 
3 > flick of ſealing- wax, the wax will ſeem to 
—— acquired the . of the tour- 
malin. 


HEATING 
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HeaTinG the ſtone, or letting it cool in 
vacuo might eaſily be imagined to have the 
ſame effect as heating or cooling it in contact 
with conducting ſubſtances ; I had the curio- 
ſity, however, to try the experiment, by 
letting it cool in an exhauſted receiver, in 
which I had a contrivance to bring a thread of 
trial near it, or withdraw it at pleaſure. The 
ſtone was ſet upright on its edge, by means 
of bits of glaſs which it touched but in a few 
points. The conſequence was, that the vir- 
tue of the ſtone ſeemed to be diminiſhed 
about one half; owing, perhaps, to the va- 
cuum not being ſufficiently perfect. For the 
ſame reaſon, the tourmalin has but little 
virtue immediately upon being taken out 
of boiling water, or -after being heated in 
flame. 
Our time I fixed a thin piece of glaſs, with 
a ſmall coating upon it, oppoſite and pa- 
rallel to the flat {ide of the tourmalin, and at 
about a quarter of an inch diſtance from it, 
in an exhauſted receiver ; to obſerve whether 
the electricity would be tranſmitted from 
the glaſs to the ſtone through the vacuum: 
but though the glaſs was eleQrified, it was fo 
lightly, that 1 could not be certain of what 
kind it was. 
Is order to aſcertain the circumſtances re- 
lating to the change of the electricity of the 
tourmalin with more exactneſs than could be 
done by heating and cooling the ſtone in any 
of the uſual methods, I laid it upon the ſtan- 
dard bar of the pyrometer, and communicated 
heat 
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heat to it by a ſpirit lamp placed underneath 
it. The reſult of theſe experiments was in 


general agreeable to Mr. Canton's rules; but 
few circumſtances occurred in this method 


of treating it, which could not be determined 


1 any other; and therefore it may be worth 


vhile juſt to mention them. I generally heat- 

ed the bar, which is of 'irbn, eight inches 
long, till the index moved ſeventy degrees, 
each of which correſponds to one 7200th 
part of an inch; and obſerved, that which 
ever {ide of the ſtone lay uppermoſt, it was 
extremely difficult to aſcertain the nature of 
its electricity all the time the heat was in- 
creaſing; though, in order to do it, I held 


over it an electrified thread, about two inches 


in length, faſtened to a ſtick of ſealing- wax, 
which juſt ſupported it in an horizontal fitua- 


tion, It was evident, however, that it was 


electrified, by its attracting a thread of trial 
at the diſtance of about a quarter of. an inch ; 
but if I took the ſtone off the bar, and imme- 
diately preſented the ſide that had lain upon 
it to an electrified thread or feather, I always 
perceived the convex fide to be negative, and 
the flat «ſide poſitive in the ſame circum- 
ſtances; - but not half ſo much as they were 
in the contrary ſtate by cooling. In this caſe, 
the, two powers were very diſtinguiſhable by 
the ſmall thread above mentioned, as the 


ſtone lay upon the bar; and alſo by bits of 
down faſtened to ſilk threads. One of theſe, 
which had touched the convex ſide of the 


ſtone, as it lay uppermoſt upon the bar, could 
; not 
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not be made to touch it again in leſs then fixe 
hours and a half. 

To ſee what would be the effed of keep= 
ing the tourmalin in the very ſame degree of 
heat a conſiderable time together, I laid it up- 
on the middle part of the bar, heated by two 
ſpirit lamps, one at each extremity, and 
making the index move forty-five degrees, I 
kept it in the ſame degree of heat, without 
the leaſt ſenſible variation, for above half an 
hour together; and obſerved, that the upper 
fide, which was the convex one, was always 
eletrified to a ſmall degree, attracting a fine 
thread at the diſtance of about a quarter of an 
inch. If in that time I took it off the bar 
erer ſo quick, and preſented it to an electrified 
feather ; the flat fide, which lay upon the 
bar, was negative, and the upper fide very 
lightly poſitive; as appeared by its only not 
attracting the feather. When I put a piece 
of glaſs betwixt the ſtandard bar and the tour- 
malin; and kept them likewiſe in the ſame 
degree of heat, for the ſame ſpace of time, the 
reſult was the ſame as before, and the glaſs 
was lightly electrified, in a kind oppolite to 
that of the ſtone. 

In heating the tourmalin upon the pytome- 
ter, one of its ſides was neceſſarily made 
much hotter than the other. This inconve- 
nience I avoided in the following method of 
treatment, which, though not ſo accurate in 
ſome reſpects, has peculiar advantages in 
others. By means of two rough places in the 
ſtone, Ltied it in a filk thread, which only 

Vor. II. b | touched 


z22 EXPERIMENTS ON 
touched the extreme edge of it on both fides, 
Being in this manner perfectly inſulated, 1 
contrived to make it hang in the air, at any 
diſtance from a fire, or candle, &c. and by 
twiſting the ſtring, I could make it prefent 
both its ſides alternately, fo as to heat it very 
equally. | 1 85 l 

- WHEN, in this manner, I had made it ſo 
hot, that I could hardly bear to handle it, [ 
let it remain in the ſame ſituation a quarter of 
an hour, in order to be ſure that it was heat- 
ed equally throughout. Then, with à bundle 
of fine thread; held ſome time before in the 
fame degree of heat, I took off the electricitj 
which the ſtone had acquired in heating, and 
continuing it in the ſame ſituation, I found it 
acquired extremely little, if any electricitj. 
Sometimes, when I thought it had acquired i 
Httle (which might be occaſioned by the va- 
riation of heat in tlie fire) it was ſo fmall, that 
J could not determine of what kind it was. 
This fully ſatisfied me of the juſtneſs of 
Mr. Canton's obſervation that it is not heat, 
but the circumſtance of changing its de- 
gree of heat that gives electricity to this 
ſtone. _ * 

Ir the ſtone be heated pretty faddeny, 
I have ſometimes found that it may be 
handled, and preſſed with the fingers ſeve- 
ral times, before the electricity it acquires 
in heating will be changed, though it be- 
gins to cool the moment it is removed from 
the fire. | | | i 

82 N 
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In this fame method of treatment, I verifi- 
ed Mr. Canton's obſervation, that when the 
tourmalin is heated, and ſuffered to cool 
gain, without either of its ſides being touch- 
ed, the ſame fide will be politive or negative 
the whole time of the increafe and decreaſe of 
the heat. But, as he obſerves, in his expe- 
nments on hot air, the ſtone muſt, in this 
aſe, be heated only to a ſmall degree. I alſo 
proved the converſe of this propoſition ; for, 
beginning where I left the ſtone in the laſt 
experiment, and removing it farther from the 
fre, both fides acquired a ſtrong electticity, as 
uſual ; and bringing it again nearer to the 
fire, I obſetved that both the ſides not only re- 
tained the electricity they had acquired in 
cooling, all the time it was heating, but a con- 
iderable time after it had remained in the ſame 
legree of heat. _ > 
CANNOT, however, entirely acquieſce in 
the reaſon that Mr. Canton gives for this ap- 
pearanice : for if the ſurrounding air would 
ondudt the electric fluid from the poſitive 
ide of the ſtone to the negative, I ſhould 
wink it would be in the ſame ſituation as in 
the experiment Mr. Canton made upon it 
lurrounded with water, and that neither [ide 


would difcover any electricity at all. When 


the heat is three or four times greater than is 
ſufficient to change the electricity of the two 
des, the virtue of the ſtone is the ſtrongeſt, 
ind appears to be ſo when it is tried in the 
very neighbourhood of the fire. In the very 

12 center 
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center of the fire, the ſtone never fails to co- 
ver itſelf with aſhes, attracted to it from all 
ſides, and from this property it acquired its 
name in Dutch. Bn | 
IT requires, indeed, ſome time for the 
electricity of the ſides to change from one 
ſtate to the other;. and therefore the time of 
the ſenſible change is not always at the time 
of its beginning to cool, but theſe two circum- 
ſtances will be brought nearer together the 
hotter the . ſtone is made, becauſe then the 
efforts (of whatever kind they are) to acquire 
any particular ſpecies of electricity will be the 
moſt vigorous, and ſooner produce their effect; 
ſo as to be more able to overcome obſtacles 
to it, ſuch as muſt ariſe from the contrary 
electricity with which the ſtone is poſſeſſ- 
ed. Thus, if either ſide of the ſtone be 
in a ſtate to acquire either kind of electricity, 
and a quantity of the contrary electricity 
be communicated to it by friction or 46 
extra, that foreign electricity will be either 
only weakened, or loſt, or changed; and 
theſe in a longer or a ſhorter ſpace of time, ac- 
cording to the vigour, as we may ſay, with 
which the ſtone is made to exert itſelf to 
counteract that influence. But I have great 
"reaſon to. ſuſpect my own opinion, when 
it is different from that of ſo accurate and 
excellent a judge of this ſubject as Mr. 
Canton. | 
IT is a fact, however, that the ſtone often 
changes its electricity very ſlowly ; and * 
5 elec- 
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electricity it acquires in cooling never fails 

to remain many hours upon it, with ver 
little diminution. It is even poſſible that, in 
ſome caſes, the electricity acquired by heating 
may be ſo ſtrong, as to overpower that 
which is acquired by cooling; ſo that both 
des may ſhow the ſame power in the whole 
operation. And I am very certain that, in my 
hands, both the ſides of Dr. Heberden's 
large tourmalin have frequently been poſitive 
for ſeveral hours together, without any ap- 
pearance of either of them having been nega- 
tive at all, Perhaps the flat fide of this 
fone, which is poſitive in heating, might 
continue ſo according to Mr, Canton's ob- 
ſervation, and the electricity of the convex ' 
fide might have changed, as it very often 
does, too ſoon for me to obſerve it. This fact, 
however, has happened ſo often with me, and 
sf very remarkable, that I think I ought not 
to omit the mention of it, let the cauſe be 
what it will. , | 
Tars appearance happened ſo conſtantly 
when I firſt began to make experiments with 
the tourmalin, that I had concluded the Duc 
de Noya had reaſon to aſſert, contrary to 
Epinus, that both fides of the tourmalin in 
all caſes acquired poſitive electricity; and I 
ſhould have acquieſced in that opinion, had 
it not been for the friendly remonſtrances 
of Dr. Franklin and Mr. Canton; in conſe- 
quence of which I renewed my experiments, 
and at length found other appearances, At 
Y 3 tze 
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the time above mentioned, I generally heated 
the tourmalin by preſenting each {ide alternately 
to a red-hot poker, or a piece of hot glad 
- held at the diſtance of about half an inch; 
and ſometimes I held it in\ the focus of 2 
burning mirror; but I have ſince found the 
ſame appearance when I have heated it in the 
middle of an iron hoop made red-hot. The 
ſtone, in all theſe caſes, was faſtened by its 
edge to a ſtick of ſealing-wax. This appear- 
ance I have obſerved to happen the ofteneſt 
when the iron hoop has been exceedingly 
hot, fo that the outſide of the ſtone muſt have 
been heated ſome time before the inſide ; and 
I alſo think there is the greateſt chance of 
producing this appearance when the convex 
fide of the ſtone is made the hotter of the 
two. When 1 heat the large tourmalin in 
this manner, I ſeldom fail to make both ſides 
poſitive till the ſtone be about blood warm, 
I then generally obſerve a ragged part of 
the flat ſide, towards one end of the ſtone, 
will become negative firſt, and by degrees 
the reſt of the flat fide; but very often 
one part of the flat ſide will, in this method 
of treatment, be ſtrongly poſitive half an 
hour after the other part is become ne- 
gative, * | 


- 


THr1s account of the appearance is made 
the more probable by the manner in which 
the ſtone was affected when only one of its 
ſides was heated at one time. For when the 
convex ſide only was heated, the ſtone often 

* con- 


- 


THE TOURMALIN. 32 
continued a long time with both its ſides 
poſitive, generally till it was not ſenſibly 
warm. But, in this caſe, before the convex 
fide became poſitive, it would ſometimes he 
negative two or three minutes, Qn the 
other hand, when the flat ſide only was heat- 
ed, it would be poſitive a long while, and 
the convex ſide negative; but the flat fide 
becoming negative a conſiderable time be- 
fore the convex fide ceaſed to be ſo, both ſides 
would continue negative till the ſtone was 
nearly cold. „ F 
ExTREMELY ſorry I am for the article 
with which I muſt cloſe this ſection. In the 
firſt of the above mentioned courſes of ex- 


periments, that fine tourmalin, which has 


been ſo often mentioned in the courſe of 
this work, ſlipped out of my hands; and 
though it fell only from the height of my 
breaſt, upon a boarded floor, two pieces 
were broke off from one of its ends. The 
ſtone, however, is more disfigured than in- 
jured by the accident : for. the larger of 
the fragments weighs but ten grains, and 
the ſmaller only one, while the reſt of it 
weighs four penny weights ſixteen grains. I 
cannot perceive that its virtue is at all leſſened. 
Mr. Wilſon obſerves, that there were ſeve- 
ral cracks in it; and for that reaſon I had 
been careful never to expole it to any great 
degree of heat. Lv | 
IT is broke with eight or ten different 


faces, each of which hath a moſt exqui- 


r ite 
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' ſite poliſh ;. but there is no appearance of 
any ſtrata or luminæ in the internal ftruc. 
ture of the ſtone. A piece of glaſs or 
pitch might be ſuppoſed, to break in the 
ſame manner. The larger of the frag. 
ments has conſiderable power, and the two 
fides have the ſame different powers that 


they had when hey were put of the in» 
tire ſtone, | An | 
: * | 
3, 
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ExPERIMENTS IN WHICH RINGS, conssT- 


ING or ALL THE PRISMATIC CO- 
LOURS, + wERE MADE -BY ELECTRI- | 
CAL EXPLOSIONS ON THE SURFACES (-) 
METALS, 


T was a diſcovery of Sir Iſaac Newton, - 

that the colours of bodies depend upon 
the thickneſs of the fine plates which com- 
poſe their ſurfaces. He hath ſhown that a 
change of the thickneſs of theſe plates occa- 
ſions a change in the colour of the body, 
rays of a different colour being thereby diſ- 
poſed to be tranſmitted through it; and, 
conſequently, rays of a different colour re- 
flected at the ſame place, ſo as to preſent an 
image of a different colour to the eye. A 
variation in the denſity occaſions a variation - 
in the colour, but ſtill a medium of any den- 


fity will exhibit all the colours, according to 
the thickneſs of it. Theſe obſervations he 


confirmed by experiments on plates of air, 
water, and glaſs. He likewiſe mentions the 
colours which ariſe on poliſhed ſteel by heat- 
ing it, as likewiſe on bell metal, and ſome 
other metalline ſubſtances, when melted and 


poured on the ground, where they may cool 


in the open air, and he aſcribes them to the 
Journ 


339 PRISMATIC COLOURS BY 
ſcoriæ or vitrified parts of the metal, which 
he ſays moſt metals, when heated or melted, 
do continually protrude, ang ſend gut to their 
ſurfaces, covering them in the form of a 
thin glaſſy ſkin. 

Tuis great diſcavery concerning the colours 
of hodies, depending upan the thickneſs of 
the fine plates which compoſe their ſurfaces, 
of whatever denſity thoſe plates may be, I 
have been ſo happy as to hit upon a' method 
of illuſtrating and confirming by means of 
electrical exploſions. A number of theſe be- 
ing received an the ſurface of any piece of 
metal, change the colour of it to a canfider- 
able diſtance from the ſpot an which they 
were diſcharged, ſa that the whale circular 
ſpace is divided into- a number of concen- 
tric rings, each of which conſiſts of all the 
priſmatic colours, and perhaps as vivid as 
they can be produced in any method what- 
ever. | 

IT was not by any reaſaning a priori, but 
by mere accident, that 1 was led to the diſ- 
covery of theſe colours. Having occaſion to 
take a great number of exploſions, in order 
to aſcertain the lateral force of them; I ob- 
ſerved that a piece of braſs, thraugh which 
they were tranſmitted, was not only melted, 
and marked with a circle by a fuſion round 
the central ſpot, but likewiſe tinged beyond 
the circular ſpot with a greeniſh colour, which 
I could not eaſily wipe out with my finger. 
Struck with this new appearance, I replaced 


the apparatus, and continued the _—_— 
ti 
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gll,, examining with a microſcope, I plainly 
ceived all the priſmatic colours, in the or- 
der of the rainbow. The diameter of the 
red, in this inſtance, was one third of an 
inch, and of the purple, near one fourth. The 
diameter of the whole coloured ſpace in the 
fubſequent experiments, in which I generally 
uſed thirty or forty exploſions, was near an 
inch. 
Pix Asxp with the firſt experiment, I pre- it 
ſently diverſified it in a great variety of ways, 
the reſult of which I ſhall compriſe in the fol- 


lowing obſervations. 


1. Wuen a pointed body is fixed oppoſite | 
to a plain ſurface, the nearer it is placed, 
the ſooner the colours appear, the cloſer do 
they ſucceed one another, and the leſs ſpace 
they occupy. It ſeems, however, that when 
the point is at fuch a diftance, that the elec- | 
tric matter has room to expand, and form as 
large a circular ſpot as the battery will admit, 
this coloured ſpace is as large as it is capable 
of being made; but til] the colours appear 
later, in proportion to the diſtance beyond 


that. When the point is fixed exceedingly 


near, or made to touch the ſurface, the 


colours appear at the firſt exploſion, but they 


ſpread very un and make” no diſtindt 
rings. 

2. Tux more accutely pointed i is the wire, 
from which the electric fire iſſues, or at 
which it enters, the greater is the number of 
rings. A blunt point makes the rings larger, 

| '. ou 
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but fewer. It is likewiſe much later before 
they make their appearance at a 1 diſ- 
tance. 

3. Ix making theſe rings, the firſt; appear- 
ance is a duiky red about the edge of the 
central ſpot; preſently after which (general- 
ly after four or five ſtrokes) there appears a 
circular ſpace, viſible only in an oblique po- 
ſition to the light, and looking like a ſhade 
on the metal. This expands very little dur- 
ing the whole courſe of- the exploſions, It 
ſeems. to be an attgmpt, as it were, at the 
firſt red; for, by degrees, as the other 
colours fill the greater part of that ſpace, 
the extreme edge of it becomes a deeper 
brown. 
4. AFTER a few more Danes a ſecond 
circular ſpace is marked, by another ſhade 
beyond the firſt, being one eighth or one 
"tenth of an inch in breadth, which I have 
never obſerved to change its appearance, after 
ever ſo many exploſions. This ſhade, by 
ſucceeding the firſt, which becomes gradually 
of a brown or light red colour, ſeems to be an 
attempt at the fainter colours, which inter- 
vene between the reds. 
5. ALL the colours make their firſt appear- 
ance about the edges of the circular ſpot. 
More exploſions make them expand towards 
the extremity of the ſpace firſt marked out; 

while others ſucceed in their place; till, after 
thirty or forty exploſions, three diſtin rings 
appear, each conſiſting of all the colours. Zo 
Aer C 
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the exploſions be continued farther, the co- 
lours become leſs beautiful and diſtin, the red 
generally prevailing, and ſuffuſing the reſt; 

6. Tux innermoſt, 1. e. the laſt formed 
colours, are always the moſt vivid, and thoſe 
rings are likewiſe cloſer to one another . 
the reſt. 

7. Tursz colours may be bruſhed with a 

feather, or a finger may be drawn over them, 
without injury ; but they are eaſily peeled. 
off, with one's nail, or any thing that is 
ſharp. The ere are the moſt difficult 
to eraſe. 
8. Tux firſt rings are ſometimes — 
with a quantity of black duſt, part of 
which, however, may be wiped off, with 
a feather, and the colours wall n un- 
der it. | 

9. Ir makes no difference N he 
eleAric matter iſſue from the pointed body 
upon the plate, or from the plate upon the 
pointed body, the furface oppoſite to the 


point being marked exactly alike in both cafes; - 


alſo the points themſelves, from which the fire 
iſſues, or at which it enters, are coloured to 

a conſiderable degree, about half an inch. 
The colours, alſo, return here as _ the 
plate. : 
10. Tur more levies are made at the lame 
time, the mare delicate, I think, the colours 
will be, whereas the ſurface is torn, as it 
were, by violent exploſions, and the colours 
appear rough and coarſe. But this rough- 


neſs is only perceived on ſteel, On filver, 
6 4 tin, 
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tin, and poliſhed braſs, the eolours were al- 
ways equally free from that coarſeneſs. 

11. A Pot18HED ſurface is not neceſſary for 
. theſe colouts, for they appear very well, 
though they do not make fo beautiful an ap- 
nce on ak rough ſurfaces. 

12. Tnxst coloured rings appear equally 
well on all the metals that I have tried, viz, 


gold, filver, copper, braſs, iron, ſteel, lead, and 


tin. I have not tried any of the ſemi-metals, 
bat I have no doubt of their anſwering as well 
as any proper metals. 

Wren the pointed wire was made to 
0 to the plane on which the colours 
were made, the circular ſpot was quite round, 
and the center of it was in a perpendicular let 
fall from the point upon the plain ſurface; 
but the 4 were projected in an oblong 
form, the center being in the pointed wire 
continued. 

Vox ſhewing theſe Adee rings to Mr. 

Canton, I was agreeably ſurprized to find, that 
he had likewiſe produced all the priſmatic co- 
_ tours from all the metals, but by a different 
operation. He extended fine wires, of all the 
metals, along the ſurface of pieces of glaſs, 
ivory, wood, &c. and when the wire was ex- 
ploded, he always found them tinged with all 
the colours. They are not diſpoſed in ſo regu- 
lar and beautiful a manner as in the rings J 
produced, but they equally demonſtrate, that 
none of the metals, thus exploded, diſcovers 
the leaſt preference to one colour more than to 
another. A variety of other very extracrdinary 


S appear- 
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appearances occurred in the courſe of Mr. Can- 
ton's experiments in melting wires, but I for- 
hear to mention them, as 1 hope he will ſoon 
favour the public with a communication of 
them himſelf. 

I what mänflef theſe colours are formed, 
it may not be eaſy to conjecture. In Mr. Can- 
ton's method of producing them, the metal, 
or the calcined and vitrified parts. of it, ſeem 
to be diſperſed in all directions from the place 
of exploſton in the form of ſpheres; of a very 
great variety of mes, tinged with all the vas 
riety of cotours, and ſome of them fmaller than 
carr be diſtinctly ſeen by any magnifier. In 
my method of making theſe colours, they 
ſeem to be produced in a manner ſimilar to the. 
production of colours on ſteel, and other 
metals by heat, #. e. the ſurfäce is affected; 
without the parts of it being removed from 
their places, certain plates or lamm being 
formed, of a thickneſs proper to exhibit the 
N 7h eee 
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SECTION XIV. 


ExPERIMENTS on THE LATERAL FORCE 
a OF ELECTRICAL EXPLOSION 8. 


EING informed, in accounts of da- 
mages done by lightning, of perſons 
— things being removed to a conſiderable 
diſtance, without receiving any hurt; I was 
excited to try whether I could produce ſimi- 
lar effects by electricity. All the other 
known effects of lightning had been fre- 
quently imitated by the application of this 
power, but I do not know that this effect has 
ever been ſo much as taken notice of by any 
electricians. The experiments I preſent- 
Jy found to be very eaſy, and I think it 
not difficult to aſcertain the cauſe, and the 
manner in which this ſtriking effect is 
produced. 
Ir pieces of cork, powder of any kind, or 
any light bodies whatever, be placed near the 
_ exploſion of a jar or battery, they will not 
fail to be moved out of their places, upon the 
inſtant of the diſcharge. If the exploſion of a 
large battery be made to paſs over the furface 
of animal or vegetable ſubſtances, in the man- 
ner deſcribed above, and large corks be ſtrew- 
ed along or near the part intended for it, it 
is ſurprizing to obſerve with what e 
they 
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they will be driven about the room. This diſ- 
perſion is in all directions from the center of 
the exploſion, and it makes no difference 
whether the rods, between which it is made, 
be ſharp pointed or otherwiſe. | 
Tux effect of this lateral force is very re- 
kable in attempts to fire gun powder in 
ical exploſions. If the gun powder be 
confined ever ſo cloſe in quills or cartridges, 
and they be held faſt in viſes; yet, when the 
loſion is made in the center of them, it 
will ſometimes happen (even when a wire has 
been melted in the midſt of the powder, and 
the fragments have been ſeen red-hot, for 
ſome time, in different parts of the room) 
that the powder has not been fired, or only a 
few grains of it, the reſt being diſperſed with 
great violence, part of it flying againſt the 
faces of perſons who afliſted in making the 
experiments. This circumſtance, together 
with the charcoal being a conductor of electri- 
city makes it ſo extremely difficult to fire gun 
powder by electrical exploſions; and it is 
evidently owing to this lateral force, that 
parts of the melted. wire fly ſo many ways, 
and to ſo great a diſtance from the place of 
exploſion.  --. | 
Tuis lateral force is exerted, not only in 
the neighbourhood of an exploſion, when it 
is made between pieces of metal in the open 
air, but alſo when it 1s tranſmitted through 
wires that are not thick enough to conduct it 
perfectly; and the ſmaller the wire, and the 
more complete the fuſion, the greater is the 
Vor. II. 2 diſperſion 


1 
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diſperſion of light bodies placed near it. At 
one time, when the wire was not melted, but 
turned blue by the exploſion (in which caſe it 
ng; ro aſſumes a duſky red, which lafts 

ut for a moment) there was a ſmall diſper- 
ſion from every part of the wire, but by 
no means ſo great as it would have been if 


it had been melted, or only heated to a greater 


degree. ' 


y a conſiderable number of trials, I found 


that a greater force of exploſion would more 
light bodies at a greater diſtance, but the 


ſmaller the bodies were, the leſs was this dif- 
ference ; ſo that I imagined, that if they had 
no weight at all, they would, probably, be 
moved at the ſame diſtance, by the exploſion 
from any quantity of coated ſurface, charged 
equally high : but there was a great difference 
in the weight removed by different forces at 
the ſame diſtance, Placing the ſame piece of 
cork at the ſame diſtance from the place of 
exploſion, I found that the diſcharge of one 
Jar removed it one fourth of an inch, two jars 


on inch and one fourth, three jars one inch 


and three fourths, 'and four about two inches, 
ſo that I do-not wonder at very heavy bodies 
being moved from their places, and to con- 
ſiderable diſtances, by ſtrong flaſhes of 
lightning. : | 

Tur the immediate cauſe of this diſper- 
fion of bodies in: the neighbourhood of elec- 
trical exploſions is not their being ſuddenly 
charged with a quantity of electric matter, and 
therefore flying from others that. are equally 
nog?! L - charged 
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charged with it is, I think, evident from the 
following experiments and obſervations. I 
never obſerved the leaſt ſenſible attraction of 
theſe light bodies to the braſs rods through 
which the exploſion paſſed, or to the electric 
matter paſſing between them, previous to this 
tepulſion, though I uſed ſevetal methods, 
which could not have failed to ſhow it, if 
there had been any ſuch thing. Sometimes I 
ſuſpended them in fine filken firings, and ob- 
ſerved that they had contracted no electricity 
after they had been agitated in the manner 
deſcribed above. Sometimes I dipped them 
in turpentine, and obſerved: that no part of it 
was found ſticking, either to the braſs tods 
themſelves, or to any part of the table be- 
wirt them and the place where the light _ 
bodies had been laid: I even found that the 
exploſion of a battery, made ever ſo near to 4 
braſs rod, did not ſo much as diſturb the 
equilibrium of the electric fluid in the body 
itſelf; for when I had inſulated the rod, and 
hung a pair of pith balls on the end oppoſite 
to that near which the exploſion paſſed, 1 
found that the balls were not in the leaſt 
moved at the time of exploſion ; which they 
would have been, if part of the electric fluid 
natural to the body had been driven, though 
but for a moment, towards the oppoſite end. 
I alſo obſerved that the effect was the ſame 
when the exploſion was made to paſs through 
one of the knobs of the inſulated rod. This 
lateral force was evident through thin ſub-/ 
ſtances of various ＋ interpoſed — 

2 | 
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the exploſion and the bodies removed by it; 
as paper, tinfoil, and even glaſs; for when 
ſome grains of gun powder were put into a 
thin phial cloſe ſtopped, and held near the ex- 
ploſion of a battery, they were thrown into 
manifeſt agitation. . 1 

I THEREFORE think it moſt probable, that 


this lateral force is produced by the explo- 


ſion of the air from the place where the ex- 
ploſion is made. For the electric matter 
makes a vacuum of air in its paſſage; and 
this air, being diſplaced ſuddenly, gives 2 
concuſſion to all the bodies that happened to 
be near it. Hence the removal of the light 
bodies, and the agitation communicated to the 
thin ſubſtances, and to the air, and the light 
bodies placed beyond them. 

Tux only objection to this hypotheſis is, 
that this lateral force is not ſo much leſs in 
vacuo as might be expected, when the air is 
ſuppoſed to receive the concuſſion firſt, and to 
communicate it to other bodies; but it muſt 
be conſidered, that the moſt perfect vacuum 
we can make with a pump is not free from 
air. I have tried to make this experiment in 
a Torricellian vacuum, but could not ſucceed 
at that time. Beſides, as the electric matter 
of which an exploſion confiſts muſt take a 
- wider path in vacuo, if not equally fill the 
whole ſpace, it may affect a body in its paſ- 
fage, without the intervention of any air. In 
condenſed air, this latter force was not, as far 
as I could perceive, much encreaſed. 
| WILLING 
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. W1LiLING to feel what kind of an impulſe 
it was that ated upon bodies, when they 
were driven away by this lateral force of elec. 
tricity, I held my finger near the path of an 
exploſion of the battery, paſſing over the ſur- 
face of a green leaf, when I felt a ſtroke, as of 
ſomething puſhing againſt my finger. Several 
cor ks, placed in the ſame ſituation, were driven 
to a conſiderable diſtance by the ſame ex- 
ploſion. 

RECoLLECTING that this power, which I 
now call the /ateral force electrical explofions, 
muſt be the ſame with that which gives the 
concuſſion to water, mentioned in my expe- 
riments to imitate'an earthquake, and to. ve- 
getable and animal ſubſtances, over the ſur- 
face of which it paſſes ; and being determin- 
ed to make a more ſatisfactory trial of it 
than I had ventured to do I laid a 
green leaf upon the palm of my hand, intend- 
ing to make the exploſion paſs over the leaf ; 
but the leaf was burſt, and torn to pieces, and | 
the exploſion paſſing over my hand gave it a 
violent jar, the effect of which remained in a 


kind of tingling for ſome time. 


LASTLY, in order to judge the more per- 
fectly of this force, I laid a chain communi- 
cating with the outſide of the battery upon my 
bare arm above the wriſt, and bringing the 
diſcharging rod near the fleſh, within about 
two inches and an half of the chain, I made 
the exploſion paſs over that quantity of the 
ſurface of the ſkin. Had I taken a greater 


diſtance, I was aware that the explo ſion would 
2 3 have 
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- have-entered the fleſh, which, I was ſenſible, 
would have given a painful convulſion to the 
muſcles through which it paſſed. * In this 
eaſe, the ſenſible effect was very different 
from that, being the ſame external concuſſion 
as before, and I have ſometimes thought, that 
the ſenſation 18 not diſagreeable. However the 
hairs upon the ſkin were all ſinged, and curl. 
ed up along the whole path of the exploſion, 
and for the ſpace of about half an inch on 
each ſide of it alſo the papillæ pyramidales of 
the ſkin were raiſed, as when a perſon is 
ſhivering with cold. This was. alſo the caſe 
in every part of the arm which the chain 
touched, and even that part of it which was 
not in the circuit, Both the path of the explo- 
ſion, and the place on which the chain had 
lain, had a redneſs, which remained till the 
next day. Sometimes the fleſh has contracted 


a blackneſs by this experiment, which has re- 
mained for a few hours, 


; 
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VARIOUS EXPERIMENTS ON. THE FORCE or 
ELECTRICAL EXPLOSIONS. 


AKING the exploſion of a battery paſs 
over the ſurface of a green cabbage 
leaf, 1 obſerved that it left a track, near a 
quarter of an inch in breadth, exceedingly 
well defined, and diſtinguiſhable by a differ- 
ence of colour from the reſt of the leaf. 
Along this path alſo the firmneſs of texture in 
the leaf was entirely deſtroyed, that part be- 
coming quite flexible, like a piece of cloth. 
Preſently after it turned yellow, grew wither- 


ed, and became perfectly brittle. 


WirLinG to try the effect of this explo- 
ſion paſſing along the ſurface of other ſub- 
ſtances, I laid a piece of common window 
glaſs on the path, preſſed by a weight of ſix 
ounces; but it was ſhattered to pieces, and 


totally diſperſed, together with the leaf on 


which it lay. | Placing the black fide of a 
piece of cork wood upon it, preſſed by a 
weight of half a pound, the leaf was not 
rent, - but the cork was furrowed all the way, 
a trench being made in it, about half an inch 


in breadth, and a quarter of an inch in 


depth. Laying the ſmooth. cut ſurface of 
the piece of cork, it was furrowed all the way 
2 4 as 
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as if it had been cut with a file, but not near 
ſo deep as before. Many of the ſmall pieces 
which had been rubbed off in the exploſion, 
remained in the furrow, Alſo the ſub- 
ſtance of the cork ſeemed to- be ſhatter- 
ed, and it was eaſily rubbed off, a little way 
into it. 

I Mare this axplofion on the ſurface of 
ſome red wine in a {mall diſh, and kept a part 
of the ſame quantity expoſed in a ſimilar man- 
ner, but I could perceive no difference be- 
tween them after ſeveral days. 
Tux track of an electrical exploſion on the 

ſurface of the cabbage leaf being ſo well defined, 
ſuggeſted an experiment to aſcertain whether 
there was any ſenſible momentum in the elec- 
tric fluid, when it is ruſhing with violence 
from one fide of a battery to the other. For 
this purpoſe I made the exploſion paſs over 
the leaves when they were cut in right and 
acute angles; ſo that the ſhorteſt path, from 
the inſide to the outſide of the battery, was to 
turn cloſe at the angle; and obſerved, that it 
was not diverted from its courſe in the leaft 
degree by the rapidity of its own motion, but 
that it had turned exactly at the angle; and 
| kept as cloſe to the oppoſite fide, as if the 
motion had begun at the angle. The elec- 
tric matter had however been evidently at- 
_ tracted by the veins of the cabbage leaf, hav- 
Ing purſued them a little way, at leaſt having 
ſenübly affected them, wherever it met with 
them in in its pallage, 
0 Tas 


trials, what length of a ſmall iron wire I 
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Tuis experiment ſuggeſted another, in- 
tended to determine whether the force of an 
exploſion was at all diminiſhed by being di- 
verted from a right lined courſe, and made to 
turn in a great number of angles. To do 
this, I firſt found, by a great number of 


was able to melt with a battery of about 
twenty ſquare feet, in the middle of a circuit 
of about three yards of braſs wire, conſider- 
ably thicker than the iron, and ſtretched in 
two right lines, ſuſpended on ſilken firings. 
The length of the iron wire melted in theſe 
circumſtances was about three inches. I then 
took the ſame braſs wire, and, fixing pins 
into a board of baked wood, twiſted it about 
them, making it turn in a very great number 


of acute angles; and I put three inches of the 


fame iron wire in the middle of this crooked 


circuit, that I had done in the ſtraight one, ſo 
that the electric matter in the exploſion was 


obliged to make a great number of turns at 
acute angles, before it could come. to the iron 


wire; but I always found that the ſame length 


of iron wire was melted in theſe circumſtances, 

as in the other, and not the leaſt difference was 
ved in the force. 

Bur though the form of the wire through 


which an exploſion paſſed made no difference 
in its force, I found a very remarkable differ- 
ence occaſioned by the length of the circuit, in 
wires of the ſame loicknels, and — Il own 
ſurprized me very much. 5105 


Is 
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-'In order to aſcertain the practicability of 
firing mines by electrical exploſions, I took 
twenty-two yards of ſmall braſs wire (but ſo 
thick, however, that I could not have melted 
| — leaſt part of it, by the force of any bat- 
J have ever conſtructed) and extending 
1. along a dry boarded floor, with a ſmall 
Piece of iron wire, and a cartridge of gun 
powder about it, in the place that was moſt 
remote from the battery; I found that, upon 
the diſcharge, the wire was not melted, nor 
the gun powder exploded; alſo the report was 
very faint. In other circumſtances a charge 
of the ſame battery was able to melt more than 
nine inches of this iron wire, and this ſame 
cartridge was eaſily fired near the battery, con- 
nected with ſhorter pieces of the ſame braſs 
wire; ſo that the diminution of force muſt 

have been owing to the length of the circuit. 
Is the place of this ſmall braſs wire, I ſub- 
ſtituted an iron wire, one fifth of an inch 
thick; when about half an inch of the ſmall 
iron wire was exploded ; fo that the force was 
not leflened ſo much in a circuit of the thick 
iron wire, as it had been in one of the ſmall 
braſs wire. In order to judge how much of 
the force might be loſt by nearer circuits, con- 
fiſting of leſs perfect conductors, I joined the 
middle of the circuit made by the iron wire 


with water, in which both the wires were im- 


merſed. Tde effect was, that the ſmall iron 
wire was only e but not N 
Fenn Num vioy 5:2 þ 
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' Beit ſenſible how much depended upon 
avoiding all leſſer circuits, whereby part of 
the fire of an exploſion might return to the 
battery, without 'reaching the extremity of 
the circuit, where I intended the whole of its 
force to be exerted ; in the remaining exPe- 
riments, I inſulated half the circuit of iron 
wire. There was no occaſion for inſulating 
the whole circuit: for if there was but one 
paſſage o or from the middle of it, there 
could be put one from or to it. In this me- 
thod it was eaſy to aſcertain what loſs of force 
was occaſioned by the length of the circuit, 


as every other | circumſtance was carefully 


excluded. And it preſently appeared to be 
very conſiderable ; for though I could inelt 
nice inches of the ſmall iron wire at the diſ- 


| tance of fifteen yards from the battery, when 


I tried twenty yards, I found that I was juſt 


able to make fix inches of it red-hot. The 


battery in theſe experiments was in the houſe, 


and the wires of which the circuit conſiſted 
were conveyed by filken ſtrings into a garden 


adjoining to the houſe. 

MenTIoNING this loſs of force, occaſioned 
by the length of the circuit; in electrical ex- 
ploſions to Dr. Franklin, he told me that the 
ſame' obſervation had occurred to him, and 


that he had alſo been diſappointed in an at- 


_ to fire gun powder at A diftagce from 


Srauck with this appeitenee, r 441 


a youred to aſcertain the quantity of this obſtruc- 
k tions by trying what other courſes the electric 


fire 
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fire would ehuſe, preferably to a long-metallic 
circuit. In the firſt place, taking about a 
yard of the ſmall braſs wire mentioned above, 
1 diſpoſed it in the manner deſcribed [fig. . 
Pl. 1 connecting one of the ends with the 
outſide of the battery and the other with the 
inſide. In the firſt place, I brought the parts 
Ia and [5] (near the two extremities) into con- 
tact, and, upon the diſcharge, found there 
had been a fuſion in that place, and that a 
great part of the fire had taken the ſhorter 
eircuit, though it had been obliged to quit the 
wire in one place, and enter in again in an- 
other. Afterwards I removed the parts [a] 
and [5] to a ſmall diſtance from one another, 
and, upon the exploſion, obſerved a ſtrong 
ſpark paſs between them. Removing them to 
greater and greater diſtances, I found the 
exploſion choſe to paſs above one third of an 
inch in the air, rather than make the circuit 
of the continued wire. Uſing a longer and 
ſmaller iron wire, the paſſage through the air 
exceeded half an inch. 1 then took four or 
five yards of iron wire, one tenth of an inch 
thick; when the paſſage through the air was 
ſtill half an inch; and taking three yards and 
a half of a wire that was one fifth of an inch 
thick, the ſpark in the air was half an inch, 
and ſometimes near three quarters of an inch. 
Making uſe of only half the length of this 
wire, the paſſage through the air was only 
half that diſtance, or one fourth of an inch. 
_W hen I kept. the place of near contact about 
the middle of .this wire, and made the * 
pal. 55 on 
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have been greatly weakened by its 
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fion at the extremities | of the whole wire, I 
was obliged to bring them about as near again, 
i. e. to little more than one eighth of an inch 
paſſage would be through the air'; 
ſo that the force of the whole exploſion muſt 


through ſo much of the wire. Laſtly, I took 

a pair of kitchen tongs, the legs of which were 
two feet in length, and the ſmalleſt part of 
them above half an inch in diameter; when 
the circuit was made about one ſixth of an 
inch in the air (for at that diſtance from one 
another the ends of the tongs had been fixed) 
rather chan 1 four feet of chat — 
iron 8 105 

— chis paſſage f the 
exploſion through the air, at the time 
that a metallic circuit was open for it, it was 
evident that the whole of the force did not 

s this way, nor indeed the greateſt part of 

For when I extended a ſmall iron wire 
— La] and [%% I could only make about 
half an inch of it red-hot, whereas, when 
there was no other metallic circuit, I was able, 
with the ſame battery, to 1 more chan 
two inches of it. 

As the electric fire meets with lo ok obs 
ſtruction in paſſing through a circuit of iron 
of this thickneſs, I make no doubt, but that 
it is conſiderably obſtructed in paſſing through 
metallic circuits of any thickneſs whatever; 
and that it would prefer a paſſage through the 
air, if they were made even of no great length. 
In this TY the different degrees of con- 

. ducting 
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ducting power in different metals may be 
tried, uſing metallic circuits of the ſame 
length and — and obſerving the differ- 
ence of the paſſage through the air in each. 
N. B. A common jar anſwers as well i in theſe 
experiments as a large battex. 
I.rr is evident, from many experiments, that 
the whole fire of an exploſion does not paſs in 
the ſhorteſt and beſt circuit, but / that 1 if infe- 
rior circuits be open, part will paſs in — 
at the ſame time. Of this I made the follow- 
ing ſatisfactory trial. I took an iron chain, 
and laid it upon a table, in contact with a 
charged jar; ſo that the parts of it made two 
circuits for the diſcharge, which I could vary 
at pleaſure; and I obſerved that, when one of 
the circuits was but half an inch, and the 
other more than half a yard; yet, if the diſ- 
charge was high, it always went in them 
both; there being conſiderable flaſhes between 
the links of the remoteſt part of the chain. If 
the charge was weak, it paſſed in the longer 
or metallic circuit only. 
IT is evident that when the wires of a bat- 
are not in cloſe; contact, there muſt be 
ſome loſs of force in the diſcharge; but this 
never appeared to me to be ſo conſiderable, — 
Mr. L. Epinaſſe ſeems to have imagined “. 
order to aſcertain this by experiment, I or 
found, by repeated trials, what length of an 
iron wire, of a certain thickneſs, I was able 
to melt with a battery conſiſting of went 


9 Phil Tranſ. Vol. lvii pt. i. p. 186. 
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jars, conſtructed in the manner deſcribed 
above. It was about two inches and a half. 
I then ſoldered all the wires together, and alſo 
ſoldered one rod to them all, inſtead - of a 
' chain which I had uſed before, ſo that I avoĩd- 
ed near a hundred ſparks, in each of which 
| ſome force had been loſt; but I did not find, 
| after many trials, that the power of the bat= 
tery was ſenſibly diminiſhed. I till could not 
| melt three inches of the ſame wire, | ©. 
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 MISCELLANOUS EXPERIMENTS. 


1. OnzenvaTIONs ON THF ELECTRIC SPARK 
' TAKEN. THROUGH SEVERAL PIECES 'OF 
METAL, 


ARCH the 24th, 1766. I obſerved 

that an electric ſpark taken from the 

prime conductor itſelf was not near ſo ſtrong 

and pungent, as one taken through a piece 

of metal inſulated, and interpoſed between my 
finger and the conduQor. 

Fux effect was the ſame whatever was the 
form of the interpoſed piece of metal, And, 
in this manner, whatever was preſented re- 
ceived a full and ftrong ſpark; whereas a great 

part is commonly diſſipated, in pencils or 
| Rtars, even when pretty large braſs knobs are 
preſented to the prime conductor itſelf, if 
the excitation be very powerful; unleſs 
both the conductor and knob have one 
preciſe degree of convexity, adapted to one 
mr. | 

One ſingle braſs ball made the ſpark as 


1 as the interpoſition of a long piece of 


metal, or of many pieces. 


1 WHETHER 


— 
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Wurrurx one, a few, or a great 
number of pieces were uſed, it ſeemed 
that the intervals taken together muſt be 
ual, 
. Bor theſe intervals taken together will 
be larger when the pieces are placed in 
right line, than when they are laid in a 
curve. 

WHETHER one body, or a number of them 
be interpoſed; if a ſpark be ſolicited it will 
not ſtrike the firſt, unleſs it can, at the lame 
time, ſtrike all the ret. 

ALL theſe experiments ſucceed, in the ſame 
manner, with the exploſion of a charged 
ar, | 
Sou of the above mentioned circumſtances, 
I afterwards found, had been taken notice of 
by Signior Beccaria. 


IL A DECEPTION. RELATING TO THE DI- 
RECTION or TAE ELECTRIC SPARK, 


As I was once mm myſelf with taking 
long ſparks from a large prime conductor of 
poliſhed copper, and conſidering the decep- 
tions that electricians had fallen into with re- 
ſpect to the direction of the electric mattet; 1 
could not help being ſtruck with one decep- 
tion, which the evidence of my ſenſes would 
never have rectified; and which ſhowed very 
clearly, how little the evidence of the ſenſes 
is to be depended. upon in ſuch cafes. I ob- 


ſerved, that, whether I made this large con- | 


Vas. IL A a- ductor 
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ductor give, or take the electric fire (for 1 
could make it do either at pleaſure,” and with 
the ſame force) I till fancied that a ſpark 

taken with a braſs ball above the conductor 
deſcended to it, and that a ſpark taken below 
it aſcended from it; but ſparks taken la- 

terally ſeemed to have no one certain di- 
rection. 


III. AN EXPERIMENT IN TEN DED TO As- 
CERTAIN WHETHER ELECTRIC S$UB- 
STANCES, IN THEIR NATURAL STATE, 

'- CONTAIN MORE OF THE ELECTRIC FLUID 
THAN CONDUCTORS. | 


 TrixxK1NG+to aſcertain Dr. Franklin's hy- 
potheſis, concerning the eſſential difference 
between conductors and non-conductors, | 
made a pretty large piece of glaſs red-hot (in 
which ſtate I had proved it to be a real con- 
ductor of electricity) and placed it upon a 
ſmooth piece of copper, inſulated ; ſuppoſing 
that, if electric ſubſtances had naturally a 
much greater ſhare of the electric fluid than 
conductors, this piece of glaſs, in paſſing 
from a conducting to a non-conduRing ſtate, 
muſt exhauſt the copper of its natural ſhare 
of the electric fluid, and leave it electrified 
negatively. . But I could perceive no kind 
of electricity, either in the copper, or 
the glaſs, during the whole time of its 
| cooling. 


SOME 
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Sd time after, I found that Mr. Cigna 
had endeavoured to aſcertain the ſame 
thing, by reducing ice into water; but 


ice and water are both nan of elec= 
ue a | | 


W. Tur MUSICAL TONE or vAklous 
DISCHARGES ASCERTAINED, 


As the courſe of my experiments has re- 
ind a great variety of electrical exploſions, 
[could not help obſerving a great variety in 
the muſical tone made by the reports. This 
excited my curioſity to attempt to reduce this 
variation to ſome meaſure. Accordingly, No- 
vember the 17th, by the help of a couple of 
ſpinets, and two perſons who had good ears 
for muſic, I endeavoured to aſcertain the tone 
of ſome electric exploſions ; and obſerved, 
that every diſcharge made ſeveral ftrings, 
particularly thoſe that were chords to one an- 
other, to vibrate : but one note was always 
predominant, and founded after the reſt. 
As every exploſion was repeated feveral 
times, and three of us ſeparately took the 
lame note, there remained no doubt but 
that the tone we fixed upon was, at leaſt, 
very near the true one. The reſult was as 
follows, 

A Ax containing half a ſquare foot fc coat- 
ed glaſs ſounded F ſharp, concert pitch. An- 
other jar of a different form, but equal ſur- 
face, ſounded the ſame. 3 

2008 3.124 A'JAR 
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A Jar of three ſquare feet ſounded C. 
below F ſharp. A battery, conſiſting of ſixty- 


four jars, each containing half a ſquare foot, 


Fo ſounded F below the C. 


_ Tre ſame battery, in conjunction with an- 
other of thirty-one jars, each containing a 
ſquare foot, founded C ſharp. So that a 
greater quantity of coated glaſs, always gave 
a deeper note. Aas 

DirrERENCEs in the degree of a charge in 
the ſame jar made little or no difference in the 
tone of the exploſion; if any, a higher charge 
gave rather a deeper note. 

FROM theſe experiments it will be eafy for 

any perſon to compare the quantity of ſquare 
feet of coated glaſs, with the lengths of mu- 
ſical ſtrings giving the ſame note. For this 
purpoſe, I could eaſily have found more 
terms of the ſeries; but I am afraid philo- 
ſophers in general will think it trifling enough 
to have found ſo many. I do not expect that 
electrical exploſions will ever be introduc- 
ed into concerts of muſic 5 or that theſe 
experiments will be of any uſe to meaſure 
the extent of the clouds from which a clap 
of thunder proceeds. But true philoſophers 
will not abſolutely deſpiſe any new fact or ob- 
ſervation, though it have no immediate, or 
apparent uſe. . wilt 
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V. EXPERIMENTS ON THE EFFECTS or 
civinG A METALLIC TINGE To TE 
SURFACE OF GLASS. | | 


IT has long been a queſtion among electri- 
cians, where the electric matter that conſti- 
tutes the charge of a plate of glaſs lies; 
whether within the pores of the glaſs, or 
only upon the ſurface ; and ſome experi- 
ments I have made will perhaps be thought 
to throw ſome light on this difficult ſub- 
. oi OT 
I CONSIDERED that the common coating 
of a jar is not in actual contact with the glaſs, 
but that the metallic tinge, which is given to 
glaſs by an electric exploſion of the metal 
upon its ſurface, is probably in contact with 
it, if not lodged in its pores. I therefore 
gave a coating of this kind to both fides of a 
plate of glaſs; and at firſt imagined that the 
glaſs coated in this manner did receive a 
charge, as well as if it had been coated in the 
common way ; for it gave a real ſhock; but I 
very well remember, at that time, being a 
little ſurpriſed to ſee the electrie fire run over 
the ſurface of that coaung, a thing not poſ- 
ſible in the common way. However, not 
ſufficiently attending to that circumſtance, I 
was purſuing the experiment, and trying 
whether, by combining this piece of glaſs 
with a large battery, and making the diſ- 
charge of both upon this metallic tinge, I 

vs Aa 3 could 
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could not melt part of it, and thereby fetch it 
out of the glaſs ; as that method would have 
| melted, and abfolutely diſperſed a confider- 
able part of the coating of a common jar. But 
I was prodigiouſly ſurpriſed to find, that, 
though the connection of this metallic tinge 
with the battery was complete, the diſcharge 
could not be made by bringing the diſcharg- 
ing rod upon it; though within three quarters 
of an inch of another braſs rod, that formed 
the communication between this plate of glaſs 
and the battery. This convinced me that the 
metallic tinge did not anſwer the purpoſe of 
a coating; and I preſently ſatisfied myſelf, 
that a piece of uncoated glaſs would re- 
ceive juſt ſuch a charge as the tinged glaſs 
had done. acute told rs 
Io aſcertain this matter ſtill farther, I 
- Atruck a tinge of this kind along two oppoſite 
ſides of à glaſs tube, about half a yard in 
length; and holding it with my hand in con- 
tat with a part of this metallic tinge, found 
that it was excited juſt like another tube: for 
when I diſcharged the eleQricity of any part 
of the tube where the tinge was ſtruck, it did 
not at all diſcharge other parts of the tube, 
whither the ſame tinge extended. Alſo the 
electric ſnapping from the tinged part of the 
glaſs could not be diſtinguiſhed from the ſnap- 
ping at other places; except that, ſometimes, 
where the gold lay. thicker than ordinary, 4 
denſer ſtream of electric matter was viſible on 
its ſurface, and ran in ſeveral ſmall freaks, in 
Os 4 different 
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different directions, from the place where the 
ſpark was taken. 

Tuis experiment ſeems to ſhow, that a 
coating of metal exceedingly near the ſur- 
face of the glaſs is not at all affected 
either by the excitation or charging of it; 
and ſeems to confirm the hypotheſis of the 
electric fluid not entering the pores of the 
glaſs. ̃ 
As the giving this metallic tinge to both 
ſides of a plate of glaſs is not very eaſy, the 
reader will not, perhaps, be diſpleaſed to be in- 
ot formed in what manner I ſucceeded in it. Af- 
lt ter fatiguing myſelf a long time in endeavour- 
bn ing to ſtrike a piece of leaf braſs into the two 
if ſides of a plate of glaſs, to ſerve inſtead of a 

coating (having always broken the glaſs in 
1 fixing either the firſt or ſecond coating) I at 
te length put two other pieces of glaſs, one on 
n each ſide of that to which I intended to 
give the tinge, with pieces of leaf braſs be- 
tween them both ; and making one exploſion 
through both of them at the ſame time, the 
upper and the lower piece of glaſs were ſhaty 
tered to pieces, but the middle piece (being 
equally affected on both ſides) remained 
whole, and the coatings were nearly as 1 
wiſhed them. | 


A247 VI. An 
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VI. AN EXPERIMENT INTENDED To 48. 
' CERTAIN WHETHER FERMENTATION 
CONTRIBUTES TO THE PRODUCTION or 
ELECTRICITY. a 


SePTEMBER the zd. In order to deter- 
mine whether any of the electric fluid was 
diſcharged from, or acquired by bodies in a 

| Rate of /ermentation; I hung a pair of pith 

balls at the extremity of a piece of wire com- 

municating with a quantity of ſteel filings, 
fermenting with oil of vitriol, incloſed in a 
glaſs veſtel. But they never ſeparated in 
the leaſt. A e 


p VII. AN EXPERIMENT INTENDED. TO As- 
- CERTAIN WHETHER EVAPORATION 
"CONTRIBUTES TO THE: * OP 

ELECTRICITY, | 


Deeriben the 26th. 1 put a ſmall quan- 
tity of water upon a thin piece of glaſs, and 
made it all ſuddenly evaporate by a red-hot 
iron held under it; but the glaſs had acquir- 
ed no' degree of elericity, Ty weather 
was froſty, 


8+ 
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VIII. Ax ExPERIMENT INTENDED To” 


 ASCERTAIN WHETHER FREEZING Bs 

ACCELERATED OR RETARDED BY ELEC= 

TRIFICATION, | 

e the 6th, 1767, I expoſed two - 
diſhes of water in the open air, while it was 
freezing intenſely, and eleQrified one of 
them pretty ſtrongly; but could perceive no 
difference in the time, either when it began 
to freeze, which was in about three minutes, 
or in the thickneſs of the ice when both had 
been frozen ſome tine. 

HAPPENING to caſt my eyes into the fields, 
out of the window, through which I had/put 
the board which I uſed for the purpoſe of 
this experiment, I obſerved, on each fide of 
the electrified wire, the ſame dancing vapour, 
which is ſeen near the ſurface of the earth 


in a hot ſummer's day, or near any heat- 


ed body that occaſions an exhbalation of 
vapours, | 


IX. Tur EXAMINATION or A GLASS TUBE, 


WHICH HAD BEEN A LONG TIME CHARG= 
ED AND HERMETICALLY n 


'DeceMBER the zoth. I examined. a glaſs 
tube, about three feet in length, one half of 
which I had charged in the month of March 
preceding, and then ſealed hermetically ; but 
could not perceive that it was excited in the 


leaſt 
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leaſt degree, either by heating or cooling. 
The difference in the reſult of this ex- 
periment from ſeveral of Mr. Cantoy's, 
related vol. I. p. 346, I attribute to the 
thickneſs of the glaſs of my tube. Mr. 
Canton charged ſmall balls exceedingly thin, 
F alſo obſerved that there was no perceivable 
difference in the excitation of the charged or 
uncharged part of this tube, and that both parts 
acted exceeding well. 

I AFTERWARDS opened this tube, and 
pouring a quantity of leaden ſhot into it, 
found it to contain a very good charge. It 
gave me one conſiderable ſhock, and ſeveral 
ſmall ones; as I made no ufe of an outward 
coating, but only diſcharged it by graſping it 
4n Ney „ by my hand. 


X. Tur Wriohr REQUISITE TO BRING 

= SOME / BODIES INTO CONTACT -' ASCER+ 
TAINED BY - THE ELECTRICAL EXPLO- 
SION, 


IT is plain from optical experiments, and 
alſo from a variety of other conſiderations, 
that bodies of no great weight lying upon 
one another, are not in actual contact. As 
the ſame thing is demonſtrated by an electric 
ſpark being viſible between pieces of metal 
lying upon one another, and other effects of 
electricity (particularly the fuſion of the 
parts through which it goes out of one body 
and enters another, not actually in 8 
8 wit 
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with it) I was deſirous to determine, by this 
criterion, what weight.was ſufficient to bring 
bodies into actual contact. With theſe views, 
I began with laying twenty ſmooth ſhillings 

upon one another, and making the diſcharge 
of the battery through them; thinking that 
the fuſion would diſappear, when the weight 
was ſufficient to preſs them inte contact But 
I found that the whole column was not ſuf- 
ficient ; for every piece was melted on both 
its ſides,” ſo that every two contiguous ſides 
had ſpots exactly correſponding to one an- 
other. The deepeſt impreſſions were made 
near the top of the column, but they did 
not diminiſh with exact regularity, Perhaps 
ſmall particles of duſt might prevent ſome 
of them from coming ſufficiently near one 
another, 
 AFTERWARDs, I gradually increaſed my 
weights, till I found that about fix pounds 
was ſufficient for my purpoſe. The fuſion 
was viſible under that Cake but never under 
above. half a pound more, though I repeated 
the experiment ſeveral times. 
I nap ſome ſuſpicion, that the largeneſs of 
the explofion might have occaſioned a mo- 
mentary repulſion, ſeparation, and conſequent 
fuſion of theſe pieces of metal, though preſſed 
by ſuch a weight, but I found was not able 
to produce any fuſion ; under a greater weight 
than that above mentioned, though, inſtead of 
thirty-two ſquare feet of coated glaſs, I uſed 
aboye lxty. | 


XI. TR 
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XI. Tax EFPECT OF THE ELECTRICAL Ex- 
. PLOSION TRANSMIT TED THROUGH VARI- 
OUS igen. ; 4 \ 


"1 zoiinve it is , ſuppoſed, that 
ale, and other liquors are turned ſour by 
lightning, and I was deſirous of aſcertaining 
whether that fact (if it be one) was owing to 
the liquors being properly ſtruck with the 
lightning, or to the ſtate of the air, &c. dur- 
ing the thunder ſtorm. In order to this, I 
provided myſelf with a glaſs tube, nine inches 

long, and about a quarter of an inch in dia- 
meter, and by inſerting a wire into one end 
of it, which was ſtopped with ſealing- wax, 
could eaſily tranſmit an electrical ſhock cthrough 
any ſubſtances contained in it. 
Br this means, November the 15th, I be- 
gan with, diſcharging the exp —— of the 
battery through this tube, filled with #reſb 
all th and obſerved a conſiderable quan- 
tity of fixed air, or ſomething in the form of 
bubbles, to aſcend in it; but when I taſted 
it, I could perceive no difference between 
it and that out of which it was taken. 
No doubt the eſcape of fo much air 
would tend to make it grow ſtale ſome- 
thing ſooner. 
I Tuzn diſcharged ſeveral large ſhocks 
through a tube filled with red wine, but, at- 
ter two or three days, could perceive no al- 
teration in its taſte, or other ſenſible qualities. 
In this diſcharge, the electric matter did not 
. 7 | : imme- 
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immediately ftrike the wine, but a metal rod» 
which Juſt touched i its ſurface; but I after= 
_ wards gave it two or three more ſhocks, in 
which the wine itſelf was made to receive the 
exploſion, but there was no variation in the 
effects. 

'T PAs$ED the ſhock through a tube filled 
with mill, in both the methods above men- 
tioned ; but it was fweet three days after. Alſo. 
a tube filled with Freſh ale received ſeveral 
large ſhocks without undergoing any ſenſible 
change of properties. 

In all thefe exploſions I held the ue 
in my hand, without feeling wy thing of the 
ſhock. 5 
1 A130 made the electric ſpark viſible a great 
number-of times in a ſmall quantity of frup 
of violets, without producing any change of 
colour, 'or other 5 qualities. 


XII. OBsERVATIONS ON THE COLOURS OF 
' ELECTRIC LIGHT. 


FinD1NG it advanced in the writings of ſe- 
veral electricians (who mpſt have copied it 
from one another, without ever repeating the 
experiment, though it may be done fo ſoon) 
that electric light contained no priſmatic co- 
mob, ; had the curioſity to try fo extraordi- 

nary a fact, and immediately ſaw both the 
fallacy of the experiment when it was firſt 
. and the cauſe of it. Holding a priſm 
before my eyes, while the electric ſparks 


Were 
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were taken at the prime eonductor, I obſerv- 
ed as beautiful priſmatic colours as any that 


are exhibited by the image of the ſun ; but 


when the light was a little diffuſed, as in 
thoſe red or purple parts of a long ſpark, as 
it is called, the colours were not ſo vivid, and 
leſs eaſily diſtinguiſhed from one another; 
and when the light was ſtill more diffuſed, 
through a vacuum, the priſm made no ſenſi- 
ble alteration in the appearance of it. Thus 
the middle part of any large object appears 
of its natural colour through a priſm : for 
though the rays be really ſeparated, they are 
immediately confounded with others from 
different parts of the ſame object; fo that its 
natural colour muſt neceſſarily be the reſult. 
As the flames of different bodies yield very 
- different proportions of the priſmatic colours, 
have often thought of attempting to aſcertain 
the proportion of theſe colours in electric light, 
and compare it with the proportion of colours 
from light procured in various other ways; but 
I have not had leiſure to purſue the inquiry. 
Tax electric ſpark, taken in the middle of 
a phial filled with inflammable air, is always 
of a red or purple colour, and cannot be made 
to look white; but the larger the exploſion 
is, the nearer it approaches to white. 
IsSgaLL cloſe this article with juſt men- 
_ tioning another deception, which ſome per- 
ſons may poſſibly lie under, with reſpect to 
What is called the length of the electric ſpark. 
When a jar is diſcharged, it may be imagin- 
ed, chat a body of fire is ſeen EEO. 
88 e 
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the inſide to the outſide; whereas it is pretty, 
certain, that that appearance is occaſioned by. 
the very rapid motion of a ſingle ball of fire; 
in the ſame manner as a lighted torch, with 
no greater motion than a man's arm can give 


to it, will ſeem. to make an entire circle of 


fire. That the fire of an electrical exploſion 
conſiſts of a ball, or cylinder, of no great 
length; ſeems pretty evident from one of the 


experiments with the circles, in which the 


diameter of the circle was the ſame, whether 
the exploſion was taken at the diſtance of half 
an inch, or of two inches; and alſo from the 
experiments of its paſſage over ſurfaces, in 
which it was ſometimes made twenty times 
longer than uſual, without any ſenſible dimi- 
nution of its thickneſs, 


XIII. Oates ON THE SMALL WIRES 
THAT COLLECT ELECTRICITY FROM THE 
-_ EXCITED GLOBE, | | 


HavinG made uſe of ſeveral braſs wires, 
about two inches and a half long, 0 collect 
the electric matter from my globe; I obſerv- 


ed, after a month or two, that about half an 


inch of the ends of them, which touched the 


globe, had contracted a blackneſs, particular- 


ly on the fide which lay next the globe. I 
then took them off the ring to which they had 
hung, and rubbing them carefully, obſerved, 
that the ſame friction which made the reſt of 
the wire quite bright, made but little alteration 


the 
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the ſame time, S. Beccaria? s theory of \magne- 
tiſm, inſtead of replacing the wires, I hung 


two very fine needles in their place; and De- 
cember the 2oth, after about two months, in 
which I had made the moſt uſe of the ma- 
chine, T examined them, and found that 
blackneſs at their points, but could not be 
ſure that they had acquired any degree of 
magnetiſm. They had, indeed, a very ſmall 
degree; but I had not examined them ſo very 
accurately before I hung them on, as I did 
afterwards. The experiment deſerves to be 


repeated with more care, but it requires a 


longer and more conſtant uſe of an electrical 
machine than, it is probable, I ſhall ever have 


an opportunity of employing. 


XIV. ExPERIMENTS INTENDED To A 
' CERTAIN THE | DIFFERENCE IN THE 
CONDUCTING POWER OF DIFFERENT. 
' METALS. . 


In a converſation I once had with Dr. 
Franklin, Mr. Canton, and Dr. Price, I re- 
member aſking whether it was probable that 
there was any difference in the conduct- 
ing power of different metals; and if there 
was, whether it was poſſible to aſcertain that 
difference? I have fince endeavoured to carry 
into execution a ſcheme propoſed by Dr. 
Franklin, viz. tranſmitting the ſame exploſion 
of the battery through two wires at the ſame 
time, of two different metals, and of the me 
| 6 thick- 


as as «> MA 22S aa a 


«_ ei co> He Bonds 


5 JE i. — — mm VV > dead a — r -— mc 


ö hd. LA c—_—_ 


EXPERIMENTS. 369 


thickneſs. They were hooked one to the 


other, and held faſt in hand viſes, after they 


were meaſured with a pair of compaſſes to 
exactly the ſame length. The experiments 
were much more pleaſing. and ſatisfatory 
than I expected, but the reſult by no means, 
correſponded to my ideas à priori 

I r1RsT joined a piece of iron wire, and a 
piece of copper wire. The exploſion totally 


diſperſed the iron, and left the copper un- 


touched. The braſs likewiſe diſappeared when 


joined with the copper, and the iron when 


joined with the braſs. 
So far the experiments were extremely 
eaſy 3 a ſingle charge of the battery ſufficing 


to determine the difference between any two ; 
but when I came to compare the more perfect 


metals, I found much more difficulty, and 
was obliged to try four or five charges of the 
battery upon every two: for, their conduct- 
ing powers being nearly the ſame, I either 
made the charge too high, and diſperſed 
them both; or too low, and touched neither 
of them. At length, I happened to hit up- 
on ſuch charges, that the copper vaniſhed, 


and left both the filver and the gold; and 


the gold remained when the ſilver was diſ- 


perſed. The hook, however, of the filver 
was melted off when the copper was diſ- 
perſed, and the hook of the gold when the 


filver was diſperſed ; for the heat is always 
the greateſt where the electric fire paſſes from 
one body to another. Before the diſper- 
ſion both of the copper and the ſilver, I had 
Vor. II. B b made 
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made exploſions of ſuch a ſtrength, as though 
too ſmall to melt them, gave them a blueiſh 
tinge. 

Fon theſe experiments it 18 al to ſettle 
the order in which the metals above mention- 
ed are to be ranked, with reſpect to the power 
of electricity to melt them. It is as follows, 
Tron, braſs, copper, fiber, gold. 

Nor being able to get lead or tin drawn in- 
to wires, I got pieces of thoſe metals rolled 
into plates equally thin, and taking ſmall ſlips, 
of equal length and breadth, I tranſmitted the 
explolion through them; when the lead gave 
way the firſt, 1 intended to have compared 

theſe plates with others of iron, braſs, &&c. 
but had not an opportunity. I have little 
doubt but that tin would melt before iron; 
though indeed I had expected that tin would 
have melted before lead, and gold before 
ſilver. But according to Mr. Wilcke's expe- 
riments, lead is a worſe conductor than any of 
the other metals. My own experiments on 
the circular ſpots, made me expect that gold 
would have melted before ſilver. 

_ Ir is very remarkable, that when iron 
wire is melted by the electric exploſion, brig/t 
Jparks are generally diſperſed about the room, 
in all directions; but that they are ſeldom, or 
never {een when wire of any other metal 1s 
uſed. If but a ſmall reſiduum of a battery be 
taken between two iron rods, when the explo- 
fion is extremely little, a great number of 
ſmall ſparks will fly in all directions from 
_ the iron, to the diſtance of about an inch, wy 
exhibit 
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exhibit a beautiful appearance, Fewer of 
theſe ſparks will be ſeen if one of the rods be 
braſs, and, I think, none in theſe ſmall dit- 
charges, if they both be braſs. , 

BEFORE any uſe can be made of theſe ex- 
periments, to determine the relative con- 
duQting power of the ſeyeral metals, the or- 
der.in which they melt with common heat 
ſhould be compared with the order in which 


they melt with the electrical exploſion ;. and 


the French tranſlation of this hiſtory places 
them in the following order; tin, lead, ſilver, 
gold, braſs, copper, iron. It is remarkable 
that iron ſhould require more heat to bring 
it into a ſtate of fuſion than any other metal, 
and yet ſhould require but a ſmall force of 
electricity to do it. Before this matter can 
be ſettled, it ſhould likewiſe be found, how 
much more eaſily any of the metals will be 
melted before another, by tranſmitting ſhocks 
through wires of different lengths and thick- 
neſſes, which would be a very tedious buſi- 
neſs. I make no doubt but that an exploſion 
which melts a copper wire of any given dia- 
meter would diſperſe an iron wire of twice the 
diameter, ſo that copper would be a much 
greater ſecurity, as a conductor to guard a 
building from lightning than iron, beſides 
its being leſs liable to ruſt; but then it is 
more expenſive. 
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XV. 1 WITH AN ELECTRI. 
FIED CUP. 


- T *#4ALL cloſe the account of my experi- 
ments with a {mall ſet, in. which, as well as 
in the laft, I have little to boat beſides the 
honour of following the inſtructions of Dr. 
Franklin. He informed me, that he had 
found cork balls to be wholly unaffected by 
the electricity of a metal cup, within which 
they were held; and he deſired me to repeat 
and aſcertain the fact, giving me leave to 
make it public. 

AccoRDINGLY, December the 21ſt. I 
electrified a tin quart veſſel, ſtanding upon a 
ſtool of baked wood; and obſerved, that a 
pair of pith balls, inſulated by being faſtened 
to the end of a ſtick of glaſs, and hanging 
intirely within the cup, ſo that no part of the 
threads were above the month of it, remained 
Juſt where they were placed, without being in 
the leaſt affected by the electricity; but that, 
if a finger, or any conducting ſubſtance com- 
municating with the earth, touched them, or 
was even preſented towards them, near the 
mouth of the cup, they immediately ſepa- 
rated, being attracted to the ſides; as they 
alſo were in raiſing them up, the moment 
that the threads appeared above the mouth of 
the cup. 

IF the balls had hung in the cup a con- 
ſiderable time without touching it, and they 
were 


. 
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electricity of the cup affecting both the inſide 
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were taken out immediately after the elec- 
tricity of the cup was Uiſcharged, they 
were found to have acquired no degree of 
electricity. 

Ir they had touched any part of che cup, 
though they ſhowed no electricity while 
they were within it; yet, upon being taken 
out, they appeared to have acquired ſome ; 
which was more if they had touched a part | 
near the edge of the cup, leſs if they had 
touched any part more remote from the edge, 
and leaſt of all if they had touched the bot- 
tom only. If they had firſt touched the ſide 
near the top, and then the bottom, they came 
out with that ſmall degree of electricity which 
they would have acquired, if they had touched 
the bottom only. 

In any caſe, if the balls were taken 
out while the cup remained electrified, 
they neceſſarily acquired ſome degree of 
electricity, in paſſing the mouth of the 
cup. 

To purſue this experiment a little farther, 
I took a ſmall coated phial, ſuch as is repre- 
ſented upon the ſtool [c PI. II.] and obſerved, 
that when I held it A the en within the 
elerified' cup, it acquired no charge, the 


and outſide coating alike. If the external 
coating touched the bottom of the cup, the 
phial received a very ſmall charge. If it was 
made to touch the fide, it acquired a greater 


charge; and the nearer to the top it was 
held, 
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held, the higher charge it received; the 
wire of the phial, which communicated with 
the inſide coating, being farther removed 
from the influence of the electricity of the 
cup. 

May we not. infer from this experiment, 
that the attraction of electricity is ſubje& 
to the ſame laws with that of gravita- 
tion, and is therefore according to the 
ſquares of the diſtances ; ſince it is eaſily 


- demonſtrated, that were the earth in the 
form of a ſhell, a body in the inſide, of it 


would not be attracted to one hide more than 


another, 

Dorn it not follow from as experi- 
ments of the balls, compared with thoſe 
with the phial, that no body can receive 
electricity in one place, unleſs an opportunity 
be given for its parting with it in another; 
at leaſt, that a quantity muſt be repelled 
from any particular part before any more 
can enter, ſince a ſmall body can no more 
receive electricity when all its ſides are equal- 
ly expoſed to the action of an eleQrified body, 
than a phial can be charged when both its 
coatings are equally expoſed to the ſame elec- 
tricity ? 

Do not theſe experiments, likewiſe, favour 
the hypotheſis of S. Beccaria, that there is no 
electrical attraction without a communication 
of electricity? 

M. LuLLin alſo made ſeveral of theſe 
experiments with an electrified hollow rt 
| c 
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ſel. He obſerved, that if an electriſied cork 
ball, ſuſpended by a ſilken ftring, was let 
down into the veſſel, and touched the bot- 
tom, it left all its electricity behind it. 
He alſo made the experiment with a glaſs 
veſſel, coated at the bottom and charged, 
with the ſame. event. It alſo made no 
difference whatever was the form, or ſize of 
the body let down into it, provided it was one 
third leſs than the depth of the veſſel ; but if, 
when it touched the bottom, it, at the ſame 
time, reached the top, or came near the 
top of the veſſel, it acquired electricity; 
and a conſiderable degree, if it exceeded 
the top. The form of the veſſel made no 
difference in his experiments, nor did it 


make any whether the veſſel was intire or 


perforated. A wire net anſwered perfectly 
well. Theſe experiments, Mr, Lullin ima- 
gines, clearly prove Nollet's doctrine of 
the conſtant motion of electric atmoſpheres : 
for he thinks, that this free motion on 
which electrification depends, is prevent- 
ed from taking place within the veſſel, 
by the contrary tendency of the oppoſite 
ſides “. 

Da. FRANKLIN, . in the laſt edition of his 
Letters, p. 326, ſays, that poſſibly the mu- 
tual repulſion of the oppoſite ſides of the 


— 


* Diſſertatio phyſica, p. 38. 


electrified 
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elearified cup, may prevent the accumulation 
of the electric atmoſphere upon them, and oc- 
caſion it to ſtand chiefly on > tha outhde, But 
he recom ny it to the farther examination 
of the curious. fort Carey 02 Rf 
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ſervations on a falling ſtar, 433. on water ſpoute, 438. on 
earthquakes, 4 54: 4 inion concerning metallic conduct 
.cors, 471. his" cory of electricity, II. 37. —— 
| "experiments of Me. a 
20 electrical, g;. II. 140. 
Beraud's globe burſting, 239, 
Bergman, his experiments with fk ribbons, 270. on iſland 
cry I, 285. | 


 Bevis, Br. invents the coating of glaſs, 114. Y 
Bianchini, his experiments on the medicated re 187; 
Bob dich, bis treatiſe on medical electricity, ah 
| vilangir, . is elaſſing of electric ſubſtances, '1 36. 99 
2 * on glaſs for electrical purpoſes, e A 0! 
N 72 his diſcoveries, 6. his theory, 9. 

e ves the uſe of globes, 8. makes en to the 
iſs ry of ne electricity, 93. recommends Fla veſ- 
oe at: Hays been \dſed” in chymical diftitfarions; 162. his 

tiigation, 188. diſtinguiſhes che ares. of otaly by-eheir 
r _ FE 271. a 0 W 
7 a 14 1 


| 


_ 


1 N. D K * 
Bridt's N injured by a g. 465. | 
Ruildiogss ae. from 8 wing s en * 
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7 wht 8 
—.— his diſcoveries, 6. . E | Mob 
ination, of gold and filver by cleQrigit II. 292. 
Canon, Mr. obſeryes the alternate ſparks 1 the two We 
of a charged phial, 122. meaſures the contents of a 
phial, 165. introduces the uſe of amalgam, 233, e er 


air, 242. his experiments relating to the ſurfaces of elec- 


tries, 259. his controverſy with Mr. Delaval concerning 
the two eleQricities, 280. his experiments on the eleQricity 
of bodies immerged in electric atmoſpheres, 286. his idea 
of electric — pheres, 305- charges glaſs balls, and ſeals 
them hermetically, 345- his obſervations, on electric light 
in vacuo, 353- cn the tourmalin, 375, 803. and ot 
8 378. on lightning, 387. on the aurora borealis 436. 
balls for an electrometer, II. 101. he calcines * and 

* II. 292. al 
apillary tubes, experiments on them, 16 

Cat, electriſied, 61, 119. killed by [i As, II. e 
ſkin uſed for excitation, 234. 

Cat, Mr. Le, ſuſpends pieces of leaf gold at different diſtances 
from the prime conductor, 1 


| Chain, braſs, how affected by —— electrical exploſion, II. 277. 
| Chalners, Mr. his obſervation of a ball of fire, 434. 


Cbarcoal, its conduQing power, II. 193. 

Charging, queries relating to it, II. 78. and diſcharging j Jars 
and batteries, experiments relating to them, II. 240 

Cigza, Mr. his experiments on ice, 258. on the two — 
ties, with ſilk ribbons, 324. his new method of chargin 
phial, 328. his opinion concerning the theory of ele 1 
city, II. 51. his obſervation on the conducting power of AY 

2 

ch Mate dil, their diſcoveries, 11. p 

Circular ſpots, made by electrical exploſions, II. 26a; 

Clouds, a machine for drawing electricity from . it; . 

Coating of phials, diſcovered, 113. 

Clayton, Mr. his diamond, 8. 

2 his account of woollen garments wut gh 

Colophonia, the ſmoke of it electrical, 2 52. 0 Ke — 

Cola, of, bodies, whether 4 has, hag connection wit clefri- 

An, 4532 57s" SH cnang electricity, 9. 9 . 

ſparks, obſerved by Dr. N 99. Fd . 

c rec -e cn mn 
N n DB Fay, 55. firſt introduced as. a. term, 82, 

0 4 Conductors, 
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 CondaBiors, alli, their uſe in guardiug buildings, 462. il- 
loſteated by the — the injury done e cbureb at 
New bu 402. to the houſe of Mr. Weſt, 464. 

una, what weight bo! requiſito to krire baia into , u, 


362. 
Eren ee 
ü ya diſcovers the Leyden pbial, wing, IL 5 * 
Cab. let riß ed, experiments vith it, UI. 5 — 


F — — uſed, 38. | WY 
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Delle, Mr. — the poliſh from glaſs by eledrieity, 343 
his obſervations on lightnicg, 387. 
Darwing: Dr. bis experiments on vapour, 254+ is obſerra- 
tions on electric atmoſpheres, 307, 
Dela val, Mr. his experiments relating to the two eleQricities, 
iy” = his account of the injury done to Se. Bride's church, 


D. his obſervations on lightning, 384. 5 

D gaguliers, his experiments, 80. * 

D.ſideraia in electricity, II. 53. 

Dew, how affected by electricity, 66. „ - 
Diffufion, of electricity on the ſurface of glaſs tubes, II. 215. 

Dog, ſtruck blind by the electric ſhock; II. 245. | 

Du Fay, his diſcoveries, 54. his theory, II. 17. 

Daft, b{ack, ariſing from the exploſion paſſing chrough nelle 

.. conduQors, II. 277. 

Du Tour, obſerves that pus deſtroys en. 101. his 

theory, II. * | 


1 


Farthguakes, their connection with eleQricity, 443+ 
Eles,, Mr. his experiments on vapour, 254- 
Elearicity, the derivation of the term, 2. diſtin viſhed: from 
a netiſm, 5, 7, 40. the degree of it in different bodies 
obſerved by the academiciang del Cimento, 11./afting-thro? 
glass, 17, 24. communicated from one body to another, 34. 
to large ſurfaces, 40. in what proportion to the quantity of 
matter in bodies, * given to fluids,” 43, 45, to animal 
bodies, 43. to all bodies without exception, 56. through 
I, the air, 51. general rules concerning it, 82. great ſorce of 
obſeryed by the Germans, 99 by Dr. —— 
communicated in right lines without reftaction, 99 — 
yy SERA by friction, 140, 146, not communicated 
_- 19610 the; quantity of matter in bodies, 141 \rdiffer- 
Luger detwcen e e e AITIE by d | 2 
118 (| pg 
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F through the ſodfiance of metals, 160 the 
of it -meafared, 166. uaffects magnets, 27% ſportancous, 
273. medical, ) e eee 
EFlidrieities, the too, obſerved: by Mr. Du Fay, 60. by Dr. 
Watſon, 144- by Dr. Franklin, 195. by Mr. Kinserſley, 
225. diftin oiſhed' by Mr. Cantow's experiments on the fur- 
faces of experiments relating to them 
. Mr. Wilſon, 264. by Mr. Bergatan, 270. by Me Witch 
and Æpinus, —— by Mr. Delaval, "277. by Mr. Syminer, 
| 2 Mr. Cignay 324. the theory of them explained, II. 


Flearies, various ſubſtances diſcovered to be ſuch by Gilbert, 3. 
by *Cab#us, 6. the academicians del Cimento, 11. Mr. 
„ 33. Du Fay, 55. diſtributed into elaſſes by Mr. 
— and condudtors, queries relating ta them; II. 65. 
Flerification, — relating to it, II. 6 h1it1it 50 
Elabrometer, di vered, 166. Mr. Kinnerſley “s, 255 · the kinds 
of them, II. 100. | I. e 
Ellicet, Mr. meaſures the degree of eleQricity, 165. his ob- 
jections to Nollet's r — n * 10 
Enter taining experiments, II. 134. ut the Leyden . 
II. 28. with the Leyden phial, II. 150. with x combina- 
tion of inſtruments, 1 | u unden 2 


* 


- =} 


Excitation, experiments relating to it, II. 1 74. queries retati 


to it, II. 67. Bets 

Explojion, electrical; it goes in the neareſt circuit, 113. 
to many perſons, 125. tranſmitted to great diſtances by the 
French, 122. by the Engliſh, 1 30, various experiments of 


the author relating to it, II. 277. on the force of it, II. 343. 


its lateral force, It. 336. 
5 | F 


- A 1, 96, 97. k | G 
\ Flaſk, Florence, not able to contain a charge, II. 2497 


Flame, thought to be not ſubject to electrie attraction, 3, 12. 


.  deſtroys-dleQricity, 101. of a candle, its conducting power, 


. II. 204 


T on/ chew dy-MeoGoryr uy thatyeripord- 
deen taxrentnh L, e ee en 


. 
- 


wni—_— fri, queries concern it, II. 26.” two of them 


4201 ſoppoſed by Mr. Symmer, 318. the theory of them explain- 
70 41 ae F 


ed, II. 41: * 4 


 Pranktve; Dr. bis diſcoveries, 191. concerning Nghtiiing, 204. 

51 miſcellaneous experiments, 222. on cleric atmoſpheres, 293. 

dais attempts to cure palſies" by electricity, 477. ſtruck down 

Zune 2 electric ſhack, II. 132. entertains his friends at 
$ | 


ylkil, 1748, II. 163. Fridlios, 
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 Frifion, diſcovered to be xy to excitation, 4. N 
— fuftian, hire ſet to it 82 | 
rogsy, not _ killed tow _ 


191. 21027 nun 
k, II. 258. 

354 3003 21 ay 200; 3875 do o ** lf abn. v9 IT 

Garments, woolen, exhibit ſigns of cleft, 160, 16 | 

Gems, found to be electrical, 3. 574 gu. * 

Gilbert, his diſcoveries, So 54 1 

1 5, obſerved to be electrical, is, 8 proper for excita· 

tion, 235, 259. different kinds uſed for excitation, 236. 
charged and hermerically ſealed, 345. „whether. 2 
1 1oekeAricity, 490. queries concerning its excitation, II. 50. 
redjhat, its conducting power, H. 202. plates, ſeveral of 
them charged together, 315. the electricity of on ade in- 
creaſes, as that of the other diminiſhes, 337. 

Globes, glaſs, uſed by Mr. Haukſbee, 23. revived by the Ger- 
mans, 87: lined with electrics, 236. compared with cylin- 
ders, II. 89. attempts to'excite very large ones. II. 178. 

Gorden, Mr. uſes cylinders inſtead of globes, 88. eleQrifies 
with a cat, 159. 

Graham, Mr. gives the ſhock to ſeveral perſons at the ſame 

time, 122 

Gralath, Mr. fires the ſmoke of a candle juſt blown out, 92. 

_ wakes the Leyden phial, ! his obſervations eon its 9%. 

| Grey, Mr. his diſcoveries, 32. reſumed, 69. 

Grumngrt, obſerves the electric light in vacuo, 95+ 

Gurricke, Otto, bis diſcoveries, 10, * 4 

Gums, found to be electrical, 6. * 

Gymaotus, its eleQric power, 496. 


T% H 


* De, his medical electricity, 485. « 
ail, its connection with electricity, 431» 
f he” Dr. his obſervation on the earthquake in London, 45 3 
Hamilon, Dr. his experiments with pointed wires, 499- 
 Hauſen, uſes a globe, 87. 
Hart, Dr. his attempts to cure palſies, 475». 476+ 
Har tman, James, his account of amber, . 
of Hanover, his obſervations on a remarkable eleQric 
light, 366, his aber for getting lightning rom: the 
Clouds, II. 10 
Haukſbee, his diſcoveries, 19. his machine, II. 100. 
Heat, obſtructs electricity, 4, 7, 55. 
H. ber din, Dr. introduces the tourmalin to the Engliſh philo- 
ſophers, 370. his large one, II. 308. the manner in which 
r it was broken, II. 327 
ie Mr. obſerves the effects of pointed bodies, * 
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Horſerace, glefrical; H. 144015250 5d 0! b919v02tb monk, , 
Hurricants, their nature, 438. yd :1 01 19t en + uma Lond 
SES I ont Nele 91 yd bail yiteo 0 x 10 * 


— 


Ee, did not conduct a ſhock, — obſervations on its condad- 
ing power, 257 H. 20b- .d 


Igiis faiuus, its nature, 47. 110 od; u bavot ar X 

Ingenhouſz, Dr. his plate machine, II. U wil Arran) * 
Iron; bor, electricity communicued to it, 40, 10136. * 

iflend cryfta!, excited, 283. | s no 


Jallabert; his obſervations on the Leyden: phial, 111. proves 


->the electricity enters the ſubſtance of metals, 160. his ob- 
ſervations on poiuted bodies, 207. n a pally, 3. 


act, electrical, II. 1 56. ade M2 
2 its eleQricity —_— 2 8 3 buſt by * 
5, obſervations on them, II. 97. janeous 
3 nr | 


BP, 
-. 
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Kinnerſley, Mr. diſcovers the two elericities, 22 8. . elechites 
vapour, 25 5. his air thermometer, i, melts wires, 341. his 
| Obſervations on metals melted by li btning, 393. on the 


electricity of the atmoſphere, 424. is en. with 


pointed wires, 499 


is lane. n ch. Reanhiing, cops Mr. | Roman, 


Kip, Von, arſt diſcovered the Leyden phial, 102. \ 
Kling/n/leerna, electriſies at the rubber, 159. | | 
Knight, Dr. bis obſervations on the melting of wirez by light- 


. 390. 

ledge, what branches of it are peculiarly uſeful to an elec- 
trician, II. 76. 130 

Kratxenſtein, his medical electricity, 47 ni 

Hur, e the colour of vel bodis bye deadleiy. IM * 


ve ' 
L de 


Zane, Mr. his electrometer, II. 1-9. a 

Save! force of exploſions, II. 336. 

Light, elefrical, obſerved by Mr. Boyle, 8. by Otto >Guiicke, . 
10. by Dr. Wall, 14. by Mr. Haukſbee, 21. ſeen through 
opaque ſubllances, 26, ia the form of pencils, 71. abſerva- 
tions upon the colours of it, H. el odo eb? 

- in vu, obſerved by Mr. Grummatt, 95. by 

Wa 1 347. by Mr. Cantos, 39. by: Mr. Wilſon, 

358. 2 362. e , with _ I. 
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' Lightnin and eleAricity compared, by Mr. Grey, 74. DF. 

ranklin's obſervations concerni — +4 204. its, ſimilarity ' 

_ witkceleftricity: particularly ded by bim, 210. his ma- 
chine to bring it into his houſe, 217. beſt method of guard- 

ing ones · ſelf from it, 221. by what kind of fuhon it melts 

+ werkls, 390. how produced in the clouds, 408. in what 

- : magoer perſons are killed by it, H. 236. 

Lion, te blernciens.on ————— of wax by ele- 
city, BI. ay 4 5 t | hes 27 

Levetis medical electricity, 407. 86 

Ludaf, Dr. fixes inflammable ſubſtances, ga. obſerves he la- 
minous bawmeter, 93. 

Lullin, makes electric ſparks viſible in oil, 249: bis: — 
tions on the production of electricity in the clouds, 408. 
his experiments on the electriſied cup, II. 374. 

Lyncurium, obſerved to be —.— Is the ſame wit uy, wa 


aun 357. if 


— 1 2 4 10 = $2 


M 

Machines, electrical, ede on ** „II. 86, 

Magneii/m, diſtinguiſhed from elearicity, H 7 40. ae 
by electricity, 214, 409, © 

agen onthe 
electricity of · tho atmoſphere, * — 
the epilepty, | 
the difference of their condu&ing power, yup 68. | 

Meaallic tinge, given to the furface * glaſs by II. 

Ae, Dr. fires phoſphorus by eleAricity, 96. various experi 
ments of his, 148.. 

 Moifters, obſtructs electricity, 4. 

Memnier, his experiments on the 12 phial, 125, 165. ſends 
is not communicated in proportion to the quantity of mat- 
ter, 145, 155- uſes laſs fp heroids, 162. his obſervazioss 

—— repeats the experiments of Mr. Grey, 78. at 

 Mafebentreech, his Qbſervations on the Leyden gm 103. 

teas tone, of electrical nk II. 3s 5. 

10 [812020 913 iſs guts bo r een 


Magie picture, II. 1 fa. 
| — 4 ex >» Wig on 
Metals, not perfe ed condudhars; 251. melted 
357» 
Mines, whether they may be-fired-by cledrieity U. 46. 
the ſhock to a great diſtance, 129. diſcovers that electricity 
on A. pag 385. on my electricity of the" N 
Maſcli, contracted by electricity, 496. 
eue, 
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Negative of dla, approaches mate tonnes the Geo of | 
at, 93. | 1411 wy 11d OL 0k . 
Newton, his oblarvadteas;. 16. . 205 


Mollet, the abbe, his experiments on the Leyden! phial;-124. 
kills two birds by the electric ſhock, 126. various obſerva- 
tions of his, 150 on plants, animal bodies, &ec. 167. de- 
tects the fallacy of the medical tabes, 185. his excitation of 
different kinds of glaſs, 237, bis theory, II. az. bis ma- 
chine, II. 107. bis exhibiting che figures of letters, ANI 
electric ſparks, II. 147. * 
Ne um his eee on the tourmalin, . * 
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Oil, found to be a non- conductor, 13. II. 206. the (ledkrie 
ſpark viſible in it, 249. 
— of turpentine, increaſes excitation, 164. 


Ora, their conducting power, II. 211. N 
P. 1 A} hl . | 


Paper, a quire of it perforated by the electric exploſion, $20. 

Peaſants, killed with li ghtning, II. 273. 

Polis experiment, an account of it by Beccaria, 316. 

Pencil of eleeric light, obſerved, 71. ſpontaneous, 96. by Dr. 
Wall, 16. by Nollet, 204. 

Phial, Leyden, the hiftory of it, 102. experiments on it by Dr. 
Watſon, 113. by Mr. Wilſon, 119. the quantity of it mea- 
ſared by Mr. Canton, 165, experiments on it by Dr. Frank- 
lin, 191. gives ſome degree of electricity to an inſulated 


' perſon who diſcharges it, 338. Mr Cigna's new method of 


charging it, by a plate of lead, 3 3 Emmen af. 
feed by it, 345. 
Phoſphorus, experiments with it, 361. Bolognina Mr. Canton' $5 
experiments with it, 395. 72 ſl s 
Pivati, his medical tubes, 129. 3 9 wo 
Planetarium, electrical, II. 134 amo on 


Plants; electriſied, 172. 
Pliny, "mentions the electricity of amber, 2. alan 
Point, their influence obſerved. by Jallabert and 4 5 8 


lin, 207. 2991 04060, 


Price, Dr. his epitome of Epinus's doAine of magnetiſm 4nd 


electricity, 503. d 6372611909 as 
Prime condudors, metallic, introduced, 69. Winne 
Propoſitions, a ſerics of them, comprizing all the general 1 
perties of electricity, II. 1. 
| Puſh, quickened by eleQricity, * 


Quer ict, 


| 1 * * * * "oy 
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Carthfthotr, electrieity procured by it, 32. Cs 
nicated to it, «& bare 14447 47. 
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 Ratlhfrow's, (bet properly Mr. 1 of 
elerifled glaſs balls, II. 142. * ow 


Rain, its relation to electricity, 427. £0 Ari 

Ram/den, Mr. his plate machine, II. 111. e bei | 

Read, Mr. his machine, II. 110. 0113351 

Repulfion, electrical, obſerved by Otto Ouericke, 1 10. 0 Mr. 
Wheeler, 67. 

Revolution of bodies, producee by eleAricity, 75. 

Ribbons; fil, Mr. Betgman' s experiments with 2. Ny 

Richman, his experiment on the Leyden Phial, 337- an account 
of his death, y16. 

Rings, of priſmatic colours, made by clerical exploſions; Il. 


— whether made by lightning, IL 24. 

| Kod, electriſied, which gave riſe to prime condudtory, — 
Romas, Mr. his eleQrical * 411. 

Rofin, found to be electrical, | 

Rabber introduced, 88. eledrifying at it, 159. improved by 

moiſtening, 163. practical obſervations concerning them, 


I. 93. N pra een 
8 0 


Sabbatell, his 2 burſts 239. 
Salin⸗ Aal inan the W power of ſeveral of chem, > 
210. 
\. Dauvages, his cure of palſies, 473. 
: — its eleQricity firſt obſerved, 3. ee with 
it by Mr. Haukſbee, 28. 
Serocold, Mr. his experiment with glaſs balls, IT. 147. 
Silt, diſcovered to be a non - conductor by Mr. Grey, 39. 
Simpſon, 80 obſervation of animals giving light on cing reb- 
bed in the dark, 161. 
© Shack, electrical, a new method of giving it, with an exhauſi- 
- ed rbe, II. 229. 
1 amufiog experiments on the banks of it, exhibited by 
ron Kale II. 163 
e e plates of of plaſs, 115. electrißes 'rechot 
95 Bea, 146. h tvarions on © lechric light in 'vacug 351. 


Smale, i its en property, 12, 101. * 


- 


'  D © 

| Smeotbue/s, favourable to excitation, 7. 

Snow, its connection with lighraiog, 422. 

Soot; its conductin power, II. 198. -1 2836.6 b.3 4, wt 

Srand, occaſioned by electricity. obſerved by Mr. Haukſbee, 
e when Rruck with an electrical exploſion, 
I. 2 . 1 De 35 * 

Spark, eleQrical, taken from a living body, 58, taken through 
ſeveral. pieces of metal, 11; 352. a deception relating to 

the direction of it, II. 353. | 

2 rough glaſt, 235. N 

pider, electrical, II. 141. | ld elelg honinbols 


Star, electrical, 94. © BIT 0 i N 
— a falling ene, its nature, 433. i 1M vel 
Stockings, Alt, eleQrified, 309. 1587 gt r 0A 


Stone, Portland, ue. 278. 3 | 1 Nad 
Stony ſubflances, various, their conducting power, II. 81. 
— eleArifies at the rubber, N Feeder! 
Stutely, Dr. his obſervations on earth 8. M 
Sulphur, found to be electrical, 3. Otto Guericke's N 
ments with a globe of it, 10. Mr. Haukſbee's, 29. Nollet's, 
154. Le Roi's, 224. Nollet's method of making them, 240. 
Surface, of water and other conducting ſubſtances, the explo- 
on of a battery paſſing over them, without entering 
II, 29 * \ 0 
Symmer, 2 his experiments on the two electticities, 308. 


T 


Thales, not unacquainted with eleQricity, 1. bt 1 
Theophraflus, makes mention of electricity, 1. | 
Theories of eleAricity, II. 11. wes. 
ourmalin, its electricity obſerved, 367. experiments on it by 
the author, II. 308. rn 
Trembley, obſerves the pulſe to increaſe on electriſication, 167. 
Tubes, glaſs, obſervations on the management of them, II. 88. 
Facue, electrical experiments in it, by Mr, Boyle, 7. by the 
academicians del Cimento, 1 3. by Mr. Haukſbee, 22, 24+ 
by Mr. Grey, 50. by Mr. Du Fay, 66, by Nollet, is5. 
entertaining experiments in it, II. 16½½,)/21i 
Yanes, turned, on being preſented to elefrified painted bo- 
dies, 147. | [3 © ine | de 1 ＋ NN 4 
Vapour, conjectures concerhing the riſe of its $6. eleQuified by 
e op ie? IE ae of» plat," 3g. 
J gables, condu better than water, z, 
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5 Fillun, 
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Fillate, his experiments on ointed wires, concealed 1 a gab 
tube, 500. on the conductiag power of it, II. 209. 
Volcano, their connection with electricity, 4 55. 


W 


 Waitz, ſeveral of his diſcoveries; 91. | 

Hall, his obſervations on electrie light, 14. 

Water, experiments on it by Gilbert, 5. eleQricity , — 
cated to it, 45, a ſtream of it attracted, 85. ſhewn, to be an 
imperfe& conductor by Becearia, 248. | 

Weater-ſpouts, their nature, 438. 

| Watſon, Dr. fires inflammable ſubſtances by electricity, &c. 97. 
his experiments on the Leyden phial, 111. ſends the electric 

ſhock to great diſtances, 130. various diſcoveriesof his, 140. 
improves his rubber by moiſture, 163. his experiments on 

the medicated tubes, 187. on electrie light in vacuo, 55 
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